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(57) When a backlight 1 5 is turned on in a dark envi- 
ronment, white light emerging from the surface of a light Fig. ia 
guide plate 15b passes through a polarizer 12 and a 
retardation film 14, enters the interior of the liquid crys- 



tal cell, passes through openings of reflective elec- 
trodes 7, and is introduced into a liquid crystal layer 3. 
The fight introduced trrto the liquid crystaJ layer 3 passes 
through a color titer 5. emerges from the Squid crystal 
cell, and passes through the retardation fim 13 and the 
polarizer 1 1 towards the exterior. In a lighted environ- 
ment, the fight incident on the polarizer 11 passes 
through the liquid crystal layer 3. is reflected by the 
reflective electrode 7. and passes through the polarizer 
11 again and is emitted towards the exterior. 
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Description 
Technical Field 

[0001] The present invention relates to the technical 
field of liquid crystal devices, fcn particular, the present 
invention relates to a structure of a liquid crystal device 
which can change a dfepiay mode between a reflective 
mode and a transmissive mode, and to an electronic 
device using the liquid crystal device. 

Background Art 

[0002] Reflective Squid crystal devices consuming 
small amounts of etedical power have been widely 
used in portable devices and display sections in various 
apparatuses. Since, however, the display is performed 
by external light, an image is not visible in dark environ- 
ments. Thus, some proposed liquid crystal devices use 
external light in a fighted environment as in general 
reflective liquid crystal devices, and an internal light 
source in dark environments so as to maintain a visible 
state. As disclosed in Japanese Patent Application Lad- 
Open No. 57-049271 each device has a polarizer, a 
transflector, and a backlight, in that order, at the outer 
face, away from the viewer, in a liquid crystal panel. The 
liquid crystal device performs reflective display using 
external light reflected by the transflector in a lighted 
environment, and transmissive display using light from 
the backlight, which is turned on so as to maintain a vis- 
ible state, transmitted through the transflector in dark 
environments. 

[0003] Another liquid crystal device having improved 
brightness in a reflective display mode is disclosed in 
Japanese Patent Application Laid-Open No. 8-292413. 
The liquid crystal device has a transflector, a polarizer, 
and a backlight in that order, at the outer face, away 
from the viewer, of the Iquti crystal panel. The device 
performs reflective rJsptay using external fight reflected 
by the transflector when the environment is light, and 
transmissive display using tight from the backlight 
which is turned on so as to maintain a visfcte state, 
transmitted through the polarizer and the transflector. 
Since the polarizer is not provided between the BqukJ 
crystal cell and the transflector. brighter display is 
achieved in a reflective mode compared to the above- 
mentioned Squid crystal devices. 

Disclosure of Invention 

[0004] In the liquid crystal device disclosed in Japa- 
nese Patent Application Laid-Open No. 8-292413, how- 
ever, a transparent substrate is disposed between a 
liquid crystal layer and the transflector; hence, prob- 
lems, such as double imaging and blurred imaging, 
occur. 

[0005] Color liquid crystal display has been required 
with recent development ol portable devices and office 



automation devices. Apparatuses using reflective liquid 
crystal devices also require color display. In a combina- 
tion of the liquid crystal devic disclosed in the above 
patent application with a color filter, the transflector is 

5 arrar^ife Thus, the thick 

transparent substrate lies* between the liquid crystal 
layer with the color titer and the transflector. resulting in 
occurrence of double imaging or blurred imaging due to ' ■ 
parallax and insufficient coloring. 

10 [0006] In order to solve the problems, Japanese Pat- 
ent Application Laid-Open No. 9-258219 discloses a 
reflective color liquid crystal device in which a reflector 
is cfisposed so as to come into contact with the liquid 
crystal layer. This liquid crystal device, however, cannot 

is display visible images in dark environments. 

[0007] In addition, Japanese Patent Application Laid- 
Open No. 7-318929 discloses a transflective fqutd crys- 
tal device in which a pixel electrode functioning as a 
transflective film is provided on the inner face of the Hq- 

20 uid crystal cell. Since this liquid crystal device has a 
transflective film such as a metallic thin fim having fine 
defects inducing pinholes and dimples and fine open- 
ings, an oblique electric field which rs generated on the 
periphery of the defects and openings causes unsatis- 

25 factory orientation of the liquid crystal, producing many 
technical problems which nhfert high-quafty image dis- 
play. That is. a high contrast and brightness are not 
achieved, and coloring due to wavelength dispersion of 
light inevitably occurs both in a reflective display mode 

ao and a transmissive display mode. Furthermore, it is dif- 
ficult to achieve both prevention of brightness defects at 
the gap between pixel electrodes or an improvement in 
contrast and an improvement in brightness in a reflec- 
tive display mode Furthermore, the production process 

35 requires addition of a particular step; hence, the device 
satisfies with great difficulty a typical demand for reduc- 
tion in production cost in this technical field. 
[0008] The present HTverrbon has been accorrpJished 
in view of the above-mentioned problems and has an 

40 object to provide a transflective liquid crystal device, 
which is changeabty used both in a reflective display 
mode and a transmissive display mode, does not pro- 
duce double imaging and blurred imaging due to paral- 
lax, and can cfcplsy high-quality images, and to provide 

45 an electronic apparatus using the Squid crystal device. 
[0009] The object of the present invention is achieved 
by a first liquid crystal device including a pair of first and 
second transparent substrates; a liquid crystal layer dis- 
posed between the first and second substrates; a trans- 

so parent electrode formed on a face of the first substrate, 
on the side of the fiquid crystal layer; a reflective elec- 
trode formed on a face of the second substrate and hav- 
ing an oblong slit, the face contacting the liquid crystal 
layer; and an illumination unit provided on an another 

55 face of ft second substrate, on the opposite side of the 
liquid crystal layer. 

[001 0] In accordance with the first liquid crystal device 
of the present invention, the reflective electrode reflects 
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external light Incident on the first substrate towards th 
liquid crystal byer in a reflective display mode. Since 
the reflective electrode is provided on the liquid crystal 
lay r tee of the second substrate, no gap is substan- 
tially formed between the liquid crystal layer and the 
reflective eleptrode and thus double imaging and 
blurred imaging due to parallax do riot occur. In a trans- 
missive display mode, ffluminated light incident on the 
second substrate from the Blumination unit enters the 
liquid crystal layer through the slit Thus, the illuminated 
light enables bright display in dark environments. 
[001 1] Since the reflective electrode has an oblong 
slit, an oblique electric field (hereinafter refened to as 
an -oblique electric field due to the short sides of the 
slif) is applied to the Bquid crystal layer between the 
edges of each reflective electrode defining short sides 
of a slit and opposingly disposed at a relatively large 
distance (edges of each reflective electrode opposing 
each other at each end of two long sides of a slit) and 
th transparent electrode. An oblique electric field 
(hereinafter referred to as an "oblique electric field due 
to the long sides of the sfrT) is simultaneously applied to 
the liquid crystal layer between edges of each reflective 
electrode defining long sides of a slit and opposingly 
disposed at a relatively short distance (edges of each 
reflective electrode opposing each other at each end of 
two short sides of a slit) and the transparent electrode 
The components of the oblique electric field due to the 
short sides of the slit and the same of the oblique elec- 
tric field due to the long sides of the slit are perpendicu- 
lar to each other in the substrate plane When these two 
oblique electric fields interact with liquid crystal mole- 
cules in the vicinity of the sfit. the intensities of these two 
oblique electric fields determine the direction of move- 
ment of liquid crystal molecules. If the slit is a square, 
these two oblique electric fields are equivalent to each 
other. Thus, the relationship between these intensities 
is reversed at some positions. As a result, the directions 
of movement of Bquid crystal molecules are different at 
these positions, and insufficient alignment of the liquid 
crystal appears as a relatively large domain. That is, 
display defects occur in the domain. Insufficient align- 
ment is most noticeable when these two oblique electric 
f ields have the same intensity. If one is higher than the 
other in a region, movement of liquid crystal molecules 
in the region is controlled by the oblique electric field 
having a higher intensity and thus becomes uniform. In 
the present invention, the obfique electric field (the in- 
substrate-plane component is parallel to the longitudinal 
direction of the slit) due to the short sides of the slit is 
reduced in response to the length of long sides of the 
slit. In contrast, the oblique electric field (the in-sub- 
strate-plane component is perpencficular to the longitu- 
dinal direction of the slit) due to the long sides of a slit is 
relatively increased in response to the I ngth of the 
snort sides of the slit. In the present invention, therefore, 
the oblique electric field due to the long sides of the slit 
controls the movement of liquid crystal molecules. 



Accorcfingly, insufficient alignment is reduced in the 
vicinity of the slit and display defects are reduced. Fur- 
thermore, electrical power consumed by the liquid crys- 
tal device can be reduced by a reduced ^threshold 

5 voltage, sincere liquid crystal is partjyidrfven using the 
oblique eledtn&fteti due to the. long &&om&Wfte -h 
[001 2] When a a>uniferm6asure is tekeri onJy> for the 
oblique electric field due to the long sidfe of the slit, and 
no consideration is given to the oblique electric field due 

w to the short side of the slit, overall insuff icient alignment 
of the liquid crystal caused by the oblique electric field 
can be reduced. Alternatively, voluntary use of the 
oblique electric field (for example, setting of various 
operational parameters for reducing adverse effects of 

is insufficient alignment of the liquid crystal caused by the 
oblique electric f ield in practice or for satisfactorily driv- 
ing of the Bquid crystal by the oblique electric field, set- 
ting of specifications of constituents and parts, and 
device design) faciftates satisfactory driving the Bquid 

20 crystal K the slit is square, counter measures must be 
taken for two oblique electric fields, resulting in very dif- 
ficult design and production of the Bquid crystal device. 
Furthermore, voluntary use of these two obBque electric 
fields is almost imposstole in practice. 

25 [0013] As materials for the reflective electrode, metals 
containing aluminum as a primary component are used. 
Metals which can reflect external visWe light, such as 
chromium and silver, can also be used without limita- 
tion. Since the reflective electrode has a function of 

30 reflecting external light and a function of applying a vort- 
age to the Squid crystal, this device structure has advan- 
tages in production and design and faciltates cost 
reduction compared to a structure having independently 
formed reflective electrodes and pixel electrodes. 

35 [0014] Oblong slits can be readily formed by a photo- 
step using a resist a development step, and then a 
peering step, ft means that there is no need to increase 
the number of production processes since the slits can 
be simuttaneously formed when the reflective elec- 

40 trodes are formed. The width of each slit is in a range of 
preferably 0.01 jun to 20 Jim. and is more preferably 1 
jim to 5 jim. Thus, a reflective display mode arid a trans- 
missive display mode can be simultaneously achieved 
without deterioration of image quality due to provision of 

45 the slit, since a viewer cannot recognize such a struc- 
ture. Preferably, the slit has an area ratio of 5% to 30% 
with respect to the reflective electrode. Such a ratio can 
moderate decreased brightness in a reflective display 
mode, and achieves a transmissive display mode by 
so light incident on the liquid crystal layer via the slits of the 
reflective electrodes. 

[0015] The first liquid crystal device can be driven by 
various conventional driving system, such as a passive 
matrix driving system, a thin film transistor (TFT) active 
55 matrix driving system, a thin film diode (TFD) active 
matrix driving system, and a segment driving system. 
[0016] In an embodiment of the first liquid crystal 
devic in accordance with the present invention, the 
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reflective electrode comprises a plurality of stripe elec- 
trodes at a predetermined gap and the sift extends in 
the longitixfinaJ direction of the reflective electrode. 
[001 7] According to this embodiment, a courrtermeas- 
ure for the dolkjueelectric field caused by the long sides 
of the sfit is effective for the tfb^ 
by gaps between the reflective dectrodes. Furthermore^ 
the reflective electrodes and the slits can be simultane- 
ously formed, and the design of the mask used in the 
formation can be simplified Thus, this embocfiment has 
advantages in a structure, production, and design of the 
device. 

[0018] In this embodiment in which the stripe reflective 
electrodes are formed in stripes, the transparent elec- 
trod may comprise a plurality of stripe electrodes at a 
predetermined gap in the direction perpendicular to the 
reflective electrode andjfie sfit may extend to a position 
facing the gap between the transparent electrodes. 
[0019] In such a structure, edges of each reflective 
electrode defining short sides of each sfH and oppos 
ingly disposed at a relatively large cfistance lie in a posi- 
tion in which the transparent electrode is not formed. 
That is, the edges He distant from a portion of the reflec- 
tive electrode in which a voltage is applied between the 
transparent electrode and the reflective electrode. Thus, 
the effect of the oblique electric field due to the short 
side of the slit can be significantly reduced. 
[0020] In this embodiment in which the reflective elec- 
trodes are formed in stripes, the sKt may extend over a 
plurality of pixels. 

[0021] In such a structure, each pixel does not have 
edges of reflective electrodes defining short sides of 
slits opposingfy disposed at a relatively large dstance; 
hence, the effect of the oblique electric field which is 
applied to the fiquid crystal layer between tie edges of 
the reflective electrode and the transparent electrode 
duet trie short side (a shorter side is preferable) of the 
slit can be significantly reduced. 
[0022] In this case, the slit may extend to the exterior 
of the image display region. 

[0023] In such a structure, each pixel does not have 
edges of reflective electrodes defining short sides of 
slits opposingfy disposed at a relatively large cfstance; 
hence, the effect of the oblique electric field due to the 
short side (a shorter side is preferable) of the slit can be 
almost completely reduced. 

[0024] In this embodiment in which electrodes are 
formed in stripes, the width of a sit may be substantially 
equal to a gap between reflective electrodes. 
[0025] In such a structure, a countermeasure for. or 
voluntary use of. the oblique electric field due to the long 
side of the sKt is also effective as a countermeasure for 
or voluntary use of. the obfique electric field due to the 
gap between the reflective electrodes. Furthermore, the 
slits can be simultaneously formed when th reflectrv 
electrodes are formed and design of the photomask is 
simplified; hence this structure has significant advan- 
tages in production and design of the device. Herein 



"substantially equal" means that the width of a slit is 
almost equal to the gap between the reflective elec- 
trodes enough that the effect of the oblique electric field 
due to the long side of the slit and the effect of th 

5 oblique electric field caused by the gap between the 
reflective electrodes appear equaBy, or almosto^quaJ 
enough that they can be formed utilizing photomask 
having the same width. , -k^., 
[0026] In another embodiment of the first liquid crystal 

10 device in accordance with the present invention, the 
width of the slit is 4 jim or less. ~ 
[0027] As a result of experiments and research by the 
present inventors, the variation of the threshold voltage 
of the liquid crystal with the width of the slit was elud- 

15 dated. Specifically, when the slit width is larger than 4 
urn. the threshold voftage of the liquid crystal signifi- 
cantly differs between foe reflective display mode and 
the transrnissive display mode; hence, it is difficult or 
impossible to set a driving voftage enabling a satisfac- 

20 tory contrast and a variation of density in both display 
modes. When the width of the slit is larger than 4 jin% a 
high intensity electric field would likely be necessary to 
drive the liquid crystal lacing the slit Since the width of 
the slit is 4 jim or less in this embodiment, the threshold 

25 voltage of the liquid crystal can be set to be substantially 
the same in both the reflective display mode and the 
transrnissive display mode. For example, when the 
width of the sfit is 2 >im and the width of the reflective 
electrode is 10 urn. a driving voltage facilitating a high 

ao contrast and a large change in density can be readily 
set. 

[0028] In another embodiment of the first liquid crystal 
device in accordance with the present invention, an 
angle 4 between the alignment direction of the liquid 
35 crystal molecule substantially in the center between the 
transparent electrode and the reflective electrode and 
the longitudinal direction of the sfit is in a range of -60° 

[0029] According to this embodiment, the angle 

40 between the alignment direction of liquid crystal mole- 
cules, which **e substantially in the center between the 
transparent electrode and the reffeetive electrode and 
have the highest mobility, and the longitudinal direction 
of the sft shifts by 30* or more from a right angla Thus, 

45 when a voltage is applied between the transparent elec- 
trode and the reflective electrode, the alignment state of 
the liquid crystal molecules changes satisfactorily with 
almost no formation of a til domain. Thus* the threshold 
voltage during driving of the liquid crystal can be 

so reduced, resulting in reduced power consumption of the 
liquid crystal device. Furthermore, display defects, such 
as disdination due to the tilt domain in the liquid crystal 
layer, are avoidable. A significant tilt domain is gener- 
ated if the angle £ is outsid the range of -60* £ 60°. 

55 because the alignment direction of the liquid crystal 
molecules is perpendicular to the longitudinal direction 
of the slit Thus, the driving voltag increases. The 
above advantage is particularly noticeable in a rang of 
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-30° s* £ £ 30°. The lift domain is the same as the phe- 
nomenon described in "Liquid Crystal Device Hand- 
book; p. 254, edited by Committee 142 in Japan 
Society for the Pfpmotioo Of^ence^and published by 
The Daily Industrial News* The tift domain in thepresent 5 
invention, rpwever^ & g§nera|fd by.fte direction pt the 
applied voltage, not by^epre#t;an^[a . : 
[0030] In another embodiment of the first liquid crystal 
device of the present invention, an angle 6 between the 
alignment direction of a liquid crystal molecule in the 
vicinity of the reflective electrode and the longitudinal 
direction of the slit is in a range of -30° £ 6£ 30°. 
[0031 J According to this embodiment the alignment 
direction of the liqwd crystal molecule in the vicinity of 
the reflective electrode having a predetermined pretilt 
angle is nearly paralel to. rather than perpendicular to, 
the longitudinal cW ectoon of the slit Thus, there is sub- 
stantiaBy no posstobty of the bqmd crystal molecule at 
the substrate interlace being reverse bfted by the effect 
of the oblique electric held Display defects such as dis- 
ctination due to the reverse tilt domain are. therefore, 
avoidable. Thus, the threshold voltage during driving of 
the liquid crystal can be reduced, resulting in reduced 
power consumption of the bqmd crystal device. If the 
angle 6 is in a range outside -30 # < ft < 30*. the liquid 
crystal molecule at the substrate interlace is noticeably 
reverse-titled by the effect of the oblique electric field 
causing display defects. Furthermore, the driving volt- 
age increases, resulting in ma eased power consump- 
tion. The above advantage is particularly noticeable in a 
ranged- 10*s:6<; 10*. 

[0032] In another embodiment of the first liquid crystal 
device in accordance with the present invention, the 
device is in a dim or black state when not driven. 
[0033] Since the device is in a dim or black state when 
not driven in this embodiment, optical leakage from 
boundaries between non-driven liquid crystal pixels or 
dots can be reduced in a transmissive display mode, 
resulting in trarsrnissive display having a high contrast 
Furthermore, undesirable reflection at boundaries 
between pixels or dots can be reduced in a reflective 
display mode, resulting in a display having a high con- 
trast. 

[0034] In another embodiment of the first liquid crystal 
device in accordance with the present invention, a shad- 
ing layer is formed on at least one of the face of the first 
substrate, on foe side of the liquid crystal layer and the 
face of the second substrate, on the side of the liquid 
crystal layer, so as to at least partly cover the gap 
between the reflective electrodes. 
[0035] According to this embodiment, optical leakage 
from boundaries between non-driven liquid crystal pix- 
els or dots can be reduced in a transmissive display 
mode, resulting in transmissive display having a high 
contrast Furtherrnor . undesirable reflection at bound- 
aries between pixels or dots can be reduced in a reflec- 
tive display mode, resulting in a display having a high 
contrast 



[0036] In another embodiment of the first liquid crystal 
device in accordance with the present invention, th 
device further includes a first polarizer provided on 
another face of the first substrate? sid 
of the liquid-Crystal- layer^ 

tjqn film disposed between; the f^sutetrate and the 
first polarizer. 

[0037] According to this embodimertt>the < first polar- 
izer primarily achieves satisfactory display control in 
10 both the reflective and transmissive display modes, and 
the first retardation film primarily reduces effects on 
tonality, such as coloring, due to the wavelength disper- 
sion of light 

[0038] In another embodiment of the first liquid crystal 
15 device in accordance with the present invention, the 
device further includes a second polarizer disposed 
between the second substrate and the niumj nation unit, 
and at least a second retardation fim disposed between 
the second substrate and the second polarizer. 
20 [0039] According to this embodiment, the second 
polarizer primarily achieves satisfactory display control 
in the transmissive display mode, and the second retar- 
dation film primarily reduces effects on tonality, such as 
coloring, due to the wavelength cfispersion of Tight 
25 [0040] In another embodiment of the first liquid crystal 
device in accordance with the present invention, the 
reflective electrode contains 95% by weight or more of 
aluminum and has a thickness of 10 nm to40rm 
[0041] According to this embodiment a thin transf lec- 
30 tjve type reflective electrode is formed. According to 
experiments, the transf lectrve reflective electrode has a 
transrnrttance of 1% to 40% and a reflectance 50% to 
95% within the above thickness range. 
[0042] In another embodiment of the fast liquid crystal 
35 device in accordance with the present invention, the 
device further includes a color filter provided between 
the reflective electrode and the first substrate. 
[0043] According to this embodiment reflective color 
display by external light and transmissive color display 
40 using an illumination unit are available. Preferably, the 
color filter has a transrnrttance of 25% or more for light 
of any wavelength within a range of 380 nm to 780 nm. 
Bright reflective and transmissive color display is 
thereby achieved. 
45 [0044] In another errixxfiment of the first liquid crystal 
device in accordance with the present invention, the 
device further includes a diffuser on another face of the 
first substrate, on the opposite side of the liquid crystal 
layer. 

so [0045] According to this embodiment the diffuser 
makes the mirror face of the reflective electrode look as 
a rjffusing face (white surface). Diffusion by the diffuser 
enables display with a wide view angle The diffuser 
may be disposed at any position above the face of the 
55 f irst substrate, on the opposite side of th liquid crystal 
layer. Preferably, the diffuser is disposed betw en the 
polarizer and the first substrate in consideration of the 
effect of back scattering (scattering of th external light 
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towards the incident side of it). The back scattering not 
contrbuting to the dfeplay of the liquid crystal device 
causes a decreased contrast in a reflective display 
mode. Wh^tfiedHfuser is cfisposed between the polar- 
izer and the first substrate, Jbe polarizer can reduce the 5 
quantity of fight of back scattering to approximately one- 
half. 

[0046] In another embodiment of the first liquid crystal 
device m accordance with the present invention, the 
reflective electrode has irregularities. to 
[0047] According to this embodiment the irregularities 
eliminate the mirroring on the face of the reflective elec- 
trode and make the mirror face look as a diffusing face 
(white face). Diffusion by the irregularities enables dis- 
play with a wide view angle. The irregularities may be is 
formed by forming a photosensitive acrylic resin layer 
under the reflective electrode, or by roughening the 
und rlying glass substrate with aqueous hydrogen fluo- 
ride. It is preferable in order to achieve satisfactory 
alignment of the iquid crystals that a transparent so 
planarization fim be formed on the irregular surface of 
the reflective electrode so frat the surface contacting 
the liquid crystal layer (the surface on which an align- 
ment film is formed) is planarized. 

[0048] In another embodiment of the first liquid crystal 25 
device in accordance with the present invention, the 
reflective electrode is a composite of a reflective layer 
and a transparent etecfrode layer. 
[0049] AccorrJng to this embodiment, even H the 
reflective electrode with stits is not composed of a 30 
reflective and conductive single fim, a reflective elec- 
trode can be obtained by making the reflective layer 
reflect external fight, and the transparent electrode layer 
applies a driving voltage to the fiqukf crystal. 
[0050] The above-mentioned object of the present 35 
invention is also achieved by a f irst electronic apparatus 
provided with the first liquid crystal device. 
[0051] The first electronic apparatus in accordance 
with the present invention uses a transflective liquid 
crystal device or a color transflective iquid crystal 40 
device without double imaging and blurred imaging due 
to parallax, and which can change- a drsplay mode 
between a reflective mode and a transmissive mode 
Thus, the electronic apparatus can display high-quality 
images in any ighted or dark environment regardless of 45 
the level of ambient or external fight. 
[0052] The object of the present invention is also 
achieved by a second fiquid crystal device including a 
pair of first and second transparent substrates; a Bqiid 
crystal layer disposed between the first and second so 
substrates; a transparent electrode formed on a face on 
the liquid crystal layer side of the first substrate; a reflec- 
tive electrode formed on a face on the liquid crystal layer 
side of the second substrate; an ffiumination unit pro- 
vided on an another face of the second substrate, on the ss 
opposite side of th liquid crystal layer; a first polarizer 
provided on another side of the first substrate, on the 
opposite sid of the liquid crystal layer; at least on first 



retardation film disposed between the first substrate 
and the first polarizer; a second polarizer disposed 
between the second substrate and the illumination unit; 
and at least a second retardation fim disposed between 
the second substrate and the second ? j^arizer. - ^ ; 
[0053] Accordinglo the second fiquid orystar device Of 
the present invention, the reflective ^ectrode reflects 
external light incident or> the first substrate towards the 
liquid crystal layer in a reflective rJsplay mode. Since 
the reflective electrode is provided on the face of the 
second substrate, on the side of the liquid crystal layer, 
no gap is substantially formed between the liquid crystal 
layer and the reflective electrode Thus, double imaging 
and blurred imaging due to parallax do not occur. On the 
other hand, the reflective electrode comprising a trans* 
f lective layer transmits fight which emerges from the illu- 
mination unit and is incident on the second substrate 
towards the liquid crystal layer in a transmissive display 
mode. Thus, fight from the light source achieves bright 
display in a dark environment The transflective layer 
may be a reflective fitm having oblong stits or square 
fine openings so. that light partly passes through the 
fim, as in the above-mentioned first liquid crystal of the 
present invention, may be a thin metal transflective fim 
having fine delects, such as pinhole defects or dimples, 
or may be a film which shows overall transflective char- 
acteristics. Alternatively, the layer may be composed of 
a plurality of stripe or island reflective electrodes formed 
with a predetermined gap. 

[0054] Since the second liquid crystal device has the 
first polarizer, the first retardation film, the second polar- 
izer, and the second retardation fim, the first and the 
second polarizers satisfactorily control cfisplay in both 
the reflective and transmissive cfisplay modes. The first 
retardation film reduces effects on tonality, such as 
coloring, due to the wavelength dispersion of light in a 
reflective display mode, whereas the second retardation 
fim reduces effects on tonality, such as coloring, due to 
the wavelength cfispersion of light in a transmissive dis- 
play mode. The second liquid crystal device can be 
driven by various conventional driving systems, such as 
a passive matrix driving, system, a TFT active matrix 
driving system, a TFD active matrix driving system, and 
a segment driving sy^en>r . 

[0055] In an embodiment'of the second fiqukf crystal 
device of the present invention, the device is in a dim or 
black state when not driven. 

[0056] Since the device feina dim or black state when 
not driven in this embodiment, optical leakage from 
boundaries between non-driven liquid crystal pixels or 
dots can be reduced in a transmissive display mode, 
resuming in transmissive display having a hig^i contrast. 
Furthermore, undesirable reflection at boundaries 
between pixels or dots can be reduced in a reflective 
display mode, r suiting in a display having a high con- 
trast 

[0057] In another embodiment of the second liquid 
crystal device in accordance with the present invention, 
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a shading layer is formed on at least one of the face of 
the first substrate, on the side of the liquid crystal layer 
and the face of the second substrate, on the side of the 
liquid aystal layer so as ^jeastpartry cover the gap 
between the'refleqtwi&elep^esit- h v ■,<<> ^ ? 
[0058] Ptetii^ 

from boundaries betw^ftp?^ pix- 
els or dots can be reduc^ih a trarisrnisshire dsplay 
mode, resulting in transmissive display having a high 
contrast Furthermore, undesirable reflection, which 
does not contribute to the display, at boundaries 
between pixels or dots can be reduced in a reflective 
display mode, resulting in a display having a high con- 
trast. 

[0059] In another embodiment of the second liquid 
crystal device in accordance with the present invention, 
the reflective electrode contains 95% by weight or more 
of aluminum and has a thickness of 10 nm to 40 nm 
[0060] According to this ernbcxfimerrt. a thin transf lec- 
tive type reflective electrode is formed. Accorcfing to 
experiments, the transftective type reflective electrode 
has a transmittance of 1% to 40% and a reflectance 
50% to 95% within the above thickness range. 
[0061] In another embodiment of the second liquid 
crystal device in accordance with the present invention, 
th device further includes a color filter provided 
between the reflective electrode and the first substrate. 
[0062] According to this embodiment, reflective color 
display by external fight and transmissive color display 
using an illumination unit are available. Preferably, the 
color filter has a transmittance of 25% or more tor light 
of any wavelength within a range of 380 nm to 780 rm 
Bright reflective and transmissive color displays are 
thereby achieved. 

[0063] In another embodiment of the second liquid 
crystal device in accordance with the present invention, 
the device further includes a drffuser on another face of 
the first substrate, on the opposite side of the liquid 
crystal layer. 

[0064] According to this embodiment the ditf user 
makes the mirror face of the reflective electrode took 
like a diffusing face (white surface). Diffusion by the drf- 
fuser enables display with a wide view angle. The cfif- 
fuser may be disposed at any position above the face of 
the first substrate, on the opposite side of the liquid 
crystal layer. Preferably, the drffuser is disposed 
between the polarizer and the first substrate in consid- 
eration of the effect of back scattering (scattering of the 
external light towards the incident side of it). The back 
scattering not contributing to the display of the Hquid 
crystal device causes a decreased contrast in a reflec- 
tive display mode. When the diffuser is disposed 
between the polarizer and the first substrate, the polar- 
izer can reduce the quantity of light of back scattering to 
approximately one-half. 

[0065] In another embodiment of the second liquid 
crystal device in accordance with the present invention, 
the reflective electrode has irregularities. 



[0066J According to the errtKxfiment the irregularities 
eliminate the mirroring on the face of the reflective elec- 
trode and render the mirror face into a diffusing face 
(white face). Difl^ 

5 - play with a wkfetyie^ :^ei/The irregulirrti^W^y be 
formed by fomTirtg^ 
under the reftetiive^elec^ 
underlying glass sub^te wim a^eoiush 
ride. It is preferable in order to achieve satisfactory 

70 alignment of the liquid crystals that a transparent 
pfanarization f flm be formed on the irregular surface of 
the reflective electrode so that the surface facing to the 
liquid crystal layer (the surface on which an alignment 
f im is formed) is planarized. 

is [0067] In another errtoodiment of the second liquid 
crystal device in accordance with the present invention, 
the reflective electrode is a composite of a reflective 
layer and a transparent electrode layer. 
[0068] According to this embodiment, the reflective 

20 layer reflects external light, and the transparent elec- 
trode layer applies a driving voltage to the liquid crystal 
eren if the reflective electrode is not composed of a 
reflective and conductive single film. 
[0069] The above-mentioned object of the present 

25 invention is also achieved by a second electronic appa- 
ratus provided with the second liquid crystal devica 
[0070] The second electronic apparatus in accord- 
ance with the present invention uses a transflectrve liq- 
uid crystal device or a color transflectrve liquid crystal 

30 device without double imaging and blurred imaging due 
to parallax, and which can change a display mode 
between a reflective mode and a transmissive mode. 
Thus, the electronic apparatus can display high-quality 
images in any lighted or dark environment regardless of 

35 the level of ambient or external Sght 

[0071] The object of the present invention is also 
achieved by a third liquid crystal device including a pair 
of f irst and second transparent substrates; a liquid crys- 
tal layer disposed between the first and second sub- 

40 strates; a plurality of reflective electrodes with a 
predetermined gap formed on a face of the second sub- 
strate, on the side of the liquid crystal layer ; a transpar- 
ent electrode formed on a face of the first substrate, on 
the side of the liquid crystal layer, and opposing to the 

45 reflective electrodes and gaps between the reflective 
electrodes; and an illumination unit provided on an 
another face of the second substrate, on the opposite 
side of the liquid crystal layer. 

[0072] According to the third liquid crystal device of 
so the present invention, the reflective electrode reflects 
external light incident on the first substrate towards the 
liquid crystal layer in a reflective display mode. Since 
the reflective electrode is provided on the face of the 
second substrate, on the side of the BqukJ crystal layer, 
55 no gap is substantially formed between th liquid crystal 
layer and the ref lectiv electrode. Thus, douW imaging 
and blurred imacjngdu to parallax do not occur. On the 
other hand, light which is incident on the second sub- 
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strate passes through a gap between the reflective elec- 
trodes and is incident on the liquid crystal layer in a 
transmissive display mode. Herein, an oblique electric 
field generated between a portion of the transparent 
electrode, lacing the gap between the reflective elec - $ 
trades, and the reflective electrode can drive the liquid 
crystal. Thus* 6gM from the light source which passes 
through the gap between the reflective electrodes is 
driven by the obfique electric field to tacfctate bright dis- 
play. Whitening by non-driven liquid crystal portions tec- 10 
ing the gap between the reflective electrodes can be 
simultaneously prevented, and thus display defects due 
to the gap between the reflective electrodes can be 
reduced. Since covering the gap between the reflective 
electrodes with a shading film (called a "black matrix" or 15 
a "black mask") is not necessary, this structure has 
advantages in production and design of the device. 
[0073] The third liquid crystal device can be driven by 
various conventional driving systems, such as a passive 
matrix driving system, a TFT active matrix driving sys- so 
tern, a TFD active matrix driving system, and a segment 
driving system. Thus, the reflective electrodes may be 
composed of a plurality of stripe electrodes or a pturatty 
of rectangular electrodes depending on the applied driv- 
ing system ss 
[0074] The width of the gap between the reflective 
lectrodes is in a range of preferably 0.01 ftmtoZOjim, 
and is more preferably t *im to 5 jim. A reflective display 
mod and a transmissive cfsptay mode can be simutta- 
neousry achieved without deterioration of image quality so 
due to provision of the gap since a viewer cannot rec- 
ognize such a structure. Preferably, the gap has an area 
ratio of 5% to 30% with respect to the reflective elec- 
trode. Such a ratio can moderate decreased brightness 
in a reflective display mode, and achieves a transmis- 35 
srve display mode by light incident on the Squid crystal 
layer via the gap of the reflective electrodes. In the 
transmissive cfcptay mode, bright hKjh-quairry display 
by the liquid crystal at the gap portion is achieved by 
increasing luminance of the light source in the iturrina- 40 
tion unit even if only a small portion of the overal 6qukJ 
crystal is driven by the oblique electric field. 
[0075] In an ernbodiment of the third liquid crystal in 
accordance with the present invention, a pturafity of long 
reflective electrodes is formed, and an angle 4 between 45 
the alignment direction of liquid crystal molecules, 
which Be substantially in the center between the trans- 
parent electrode and the reflective electrodes, and the 
longitudinal direction of the reflective electrodes is in a 
range of -60* <£ ♦ £ 60°. so 
[0076] According to this ernbodiment. long reflective 
electrodes, such as stripe- or rectangular-reflective 
electrodes, are formed, and the angle between the 
alignment direction of liquid crystal molecules, which li 
substantially in th center betw en the transparent elec- 55 
trod and the reflects electrod and have th highest 
mobility, and th longitudinal direction of the reflective 
electrode shifts by 30° or more from a right angle. When 



a voltage is applied between the transparent electrode 
and the reflective electrode, the alignment state of the 
liquid crystal molecules changes satisfactorily without 
formation of a tilt domain. Thus, the threshold voltage 
during driving of the liquid crysta> can be reduced! 
resulting in reduced [;pqp^.iPQn6MiIlp6^^ Obiftte "^#1^ 
crystal device . Furlherrnqre, display defects, such as 
disdinatfon. due to the tilt domain -.in; the liquid crystal 
layer, are avoidable. A signif icant tilt domain is gener- 
ated if the angle + is outside the range of -60* £ 4> £ 60* . 
because the alignment direction of the liquid crystal 
molecules is perpendicular to the longitudinal direction 
of the reflective electrode. Thus, the driving voltage 
increases. The above advantage is particularly noticea- 
ble in a range of -30° £ + £ 30°. 
[0077] In another embodiment of the third IqukJ crys- 
tal device of the present invention, an angle y between 
the alignment direction of a liquid crystal molecule in the 
vicinity of the reflective electrode and the longitudinal 
direction of the reflective electrode is in a range of -30° 
£ y £ 30°. 

[0078] Accorrfng to this ernbodiment. the alignment 
direction of the liquid crystal molecule in the vicinity of 
the reflective electrode having a predetermined pre* 
angle is nearly parafleJ to. rather than perpencficuJar to. 
the longitudinal direction of the reflective electrode. 
Thus, there is substantially no posstoflity of the liquid 
crystal molecule at the substrate interface being 
reverse-tilted by the effect of the oblique electric field. 
Display defects such as dtscJination due to the reverse 
tilt domain are; therefore, avoidable. Thus, the threshold 
voltage during driving of the Squid crystal can be 
reduced, resulting in reduced power consumption of the 
liquid crystal device. If the angle y is in a range outside 
-30° £ y £ 30°. the liquid crystal molecule at the sub- 
strate interface is noticeably reverse-titled by the effect 
of the oblique electric field to cause display defects. Fur- 
thermore, the driving voltage increases, resulting in 
increased power consumption. The above advantage is 
particularly noticeable in a range of - 10° £ y £ 10°. 
[0079] In another embocSmerrt of the third Squid crys- 
tal device in accordance with the present invention, the 
device further includes a first polarizer provided on 
another face of the first substrate, on the opposite side 
of the liquid crystal layer, and at least one first retarda- 
tion f 1m disposed between the first substrate and the 
first polarizer. 

[0080] According to this embodiiTU&nt, the f irst polar- 
izer primarily achieves satisfactory display control in 
both the reflective and transmissive display modes, and 
the first retardation fim primarily reduces effects on 
tonafty. such as coloring, due to the wavelength disper- 
sion of fight 

[0081 ] In another embocfiment of the third liquid crys- 
tal devic in accordanc with the present invention, the 
device further includes a second polarizer disposed 
between the second substrat andth illumination unit, 
and at least a second retardation f ilm disposed between 
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the second substrate and the second polarizer. 
[0082] According to this embodiment the second 
polarizer primarily achieves satisfactory display control 
in the transmissfve dspay mode. and the second retar- 
dation film primarily re^6es effects on tonality, sUch as 
coloring, due to thewavejength cfepersibri of fight- 
[0083] In another en*odiinerit df;the third liquid crys- 
tal device in accordance with the present invention, the 
reflective electrode contains 95% by weight or more of 
aluminum and has a thickness of 10 nm to 40 nra 
[0084] According to this embodiment a thin transf lec- 
tive type reflective electrode is formed. According to 
experiments, the transflectrve type reflective electrode 
has a transmittance of 1% to 40% and a reflectance 
50% to 95% within the above thickness range. 
[0085] In another embodiment of the third liquid crys- 
tal device in accordance with the present invention, the 
device further includes a color fSter provided between 
the reflective electrode and the first substrata 
[0086] According to this embodiment, reflective color 
display by external light and transmissive color display 
using an illumination unit are available. Preferably, the 
color titer has a transmittance of 25% or more for light 
of any wavelength within a range of 380 nm to 780 nm. 
Bright reflective and transmissive color displays are 
thereby achieved. 

[0087] In another embodiment of the third liquid crys- 
tal device in accordance with the present invention, the 
device further includes a tfrffuser on another face of the 
first substrate, on the opposite side of the liquid crystal 
layer. 

[0088] According to this embodiment, the cfiffuser 
makes the mirror face of the reflective electrode look 
like a diffusing face (white surface). Diffusion by the cfif- 
fuser enables display from a wide view angle. The cfif- 
fuser may be disposed at any position above the face of 
the f irst substrate, on the opposite side of the liquid 
crystal layer. Preferably, the diffuser is disposed 
between the polarizer and the first substrate in consid- 
eration of the effect of back scattering (scattering of 
external light towards the incident side of it). The back 
scattering not contrfouting to the display c* the liquid 
crystal device causes a decreased contrast in a reflec- 
tive display mode. When tfie cfiffuser is disposed 
between the polarizer and the first substrate, the polar- 
izer can reduce the quantity of light of back scattering to 
approximately one-half. 

[0089] In another embodiment of the third liquid crys- 
tal device in accordance with the present invention, the 
reflective electrode has irregularities. 
[0090] According to this embodiment, the irregularities 
eliminate the mirroring on the face of the reflective elec- 
trode and render the mirror tace into a diffusing face 
(white face). Diffusion by the irregularities enables dis- 
play with a wid view angt . The irregularities may be 
famed by forming a photosensitive acrylic resin layer 
under the reflective lectrode, or by roughening the 
underlying glass substrate with aqueous hydrogen fluo- 



ride. It is preferable in order to achieve satisfactory 
alignment of the liquid crystals that a transparent 
planarization fim be formed on the irregular surface of 
the reflective electrode-so that the surface feting t<>the v : ~ * - 
5 liquid crystaMayer (the surface m >Nhm an ^]^m^n ^ - = r 
: . f|ip is forme#isplanaraed.^^ ^Vf^V/^^^t^ •: -i^wfcv 
[0091] Wither ^ * * 

ta! device in accordance with the present irive1rttk)h, ttm 
reflective electrode is a composite of a reflective layer 
w and a transparent electrode layer. 

[0092] According to this embodiment, the reflective 
layer of the transflectrve electrode reflects external fight, 
and the transparent electrode layer applies a driving 
voltage to the liquid crystal even if the reflective elec- 
ts trode is not composed of a reflective and conductive sin- 
gle film. 

[0093] The above-mentioned object of the present 
invention is also achieved by a third electronic appara- 
tus provided with the third liquid crystal device. 

20 [0094] The third electronic apparatus in accordance 
with the present invention uses a transflectrve liquid 
crystal device or a color transflectrve liquid crystal 
device without double imaging and blurred imaging due 
to parallax, and which can change a display mode 

25 between a reflective mode and a transmissive mode. 
Thus, the electronic apparatus can display high-quality 
images in any lighted or dark environment regardless of 
the level of ambient or externa) Sght 
[0095] The object of the present invention is also 

30 achieved by a fourth liquid crystal device including (i) a 
transflectrve liquid crystal panel comprising a pair of first 
and second transparent substrates; a liquid crystal layer 
cfisposed between the first and second substrates; a 
transparent electrode formed on a face of the first sub- 

35 strate facing the liquid crystal layer; a reflective elec- 
trode formed on a face of the second substrate facing 
the Bquid crystal layer; and an nomination unit provided 
on an another tace of me second substrate, on the 
opposite side of the liquid crystal layer; and (ii) a driving 

40 means tor driving the transparent electrode and the 
reflective electrode; wherein the liquid crystal panel is in 
a dim a black state when nm driven: 
[0096] According to the fourth liquid crystal device of 
the present invention, the reflective electrode reflects 

45 external Bght incident on the f irst substrate towards the 
liquid crystal layer in a reflective display mode. Since 
the reflective electrode is provided on the face of the 
second substrate facing the liquid crystal layer, no gap 
is substantially formed between the liquid crystal layer 

so and the reflective electrode. Thus, double imaging and 
blurred imaging due to parallax do not occur. On the 
other hand, the reflective electrode comprising a trans- 
ftective layer transmits Tight which emerges from the illu- 
mination unit and is incident on the second substrate 

55 towards th liquid crystal layer in a transmissive display 
mode. Thus, light from the light source achieves bright 
display in a dark environment. Th transflectrve layer 
may be a reflective film having oblong slits or square 
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fine openings so that light partly passes through the 
film, as in the above-mentioned first liquid crystal of the 
present invention, may be a thin metal transf lective film 
having fine detects, such as pinhole defects or dimples, 
or may be a f iim which shows overall transf lective char- 5 
acteristics. Alternatively, the layer may be composed of 
a plurality of stripe or stand reflective electrodes formed 
with a predetermined gap. 

[0097] In the fourth iqukt crystal device, the liquid 
crystal panel driven between the transparent electrode io 
and the reflective electrode by a driving means is a dim 
state when not driven. That is, it is driven by a normally 
black mode. Thus, optical leakage from boundaries 
between non-driven liquid crystal pixels or dots can be 
reduced tn a transmissive display mode, resulting in is 
transmissive cftsplay having a high contrast Further- 
more, undesirable ref legjon at boundaries between pix- 
els or dots can be reduced in a reflective cfsplay mode, 
resulting in a display having a high contrast Accord- 
ingly an improved contrast is achieved in both a trans- so 
missive display mode and a reflective display mode 
without covering the gap between the reflective elec- 
trodes with a shading f Mm (caied a "black matrix" or a 
"black mask") . Since no shading fim is provided, bright- 
ness does not decrease in a reflective display mode 25 
[0098] The fourth Squid crystal device can be driven 
by various conventional driving systems, such as a pas- 
siv matrix driving system, a TFT active matrix driving 
system, a TFD active matrix driving system, and a seg- 
ment driving system. 3o 
[0099] In another embodiment of the fourth liquid crys- 
tal device in accordance with the present invention, the 
device further includes a first polarizer provided on 
another face of the f irst substrate, on the opposite side 
of the liquid crystal layer, and at least one first retarda- 35 
tjon fim disposed between the first substrate and the 
first polarizer. 

[0100] According to this embodiment, the first polar- 
izer primarily achieves satisfactory display control in 
both the reflective and transmissive display modes, and 40 
the first retardation film primary reduces effects on 
tonality, such as coloring, due to the wavelength disper- 
sion of light. 

[01 01 ] In another embodiment erf the fourth liquid crys- 
tal device in accordance with the present invention, the 45 
device further includes a second polarizer disposed 
between the second substrate and the illumination unit, 
and at least a second retardation film disposed between 
the second substrate and the second polarizer. 
[0102] According to this embodwnent, the second so 
polarizer primarily achieves s ati sfact o ry display control 
in the transmissive display mode, and the second retar- 
dation film primarily reduces effects on tonality, such as 
coloring, due to the wavelength dispersion of light. 
[01 03] In another embodiment of the fourth liquid crys- 55 
taJ device in accordance with the present invention, the 
reflective electrode contains 95% by weight or mor of 
aluminum and has a thickness of 10 nm to 40 nm. 



[01 04] According to this embodiment, a thin transf lec- 
tive type reflective electrode is formed. According to 
experiments, the transflective type reflective electrod 
has a transmrttajjee of 1% fo >4Q% and a reflectance 
50% to 95% within the a^^.thjd!a^;ranga 
[0105] In another errt^^ 

taJ device in accordance with the present invention, the 
device further includes a cotor fitter provided between 
the reflective electrode and the first substrate 
[0106] According to this embodiment, reflective color 
display by external igM and transmissive color display 
using an illumination unit are available. Preferably, the 
color filter has a transmrttance of 25% or more for light 
of any wavelength within a range of 380 nm to 780 nm. 
Bright reflective and transmissive color display is 
thereby achieved 

[0107] In another embodiment of the fourth Bquid crys- 
tal device in accordance with the present invention, the 
device further includes a drffuser on another face of the 
first substrate, on the opposite side of the liquid crystal 
layer. 

[0108] According to this embodiment the drffuser 
makes the mirror face of the reflective electrode a diffus- 
ing face (white surface). Diffusion by the drffuser ena- 
bles display with a wide view angle. The drffuser may be 
disposed at any position above the face of the first sub- 
strate, on the opposite side of the liquid crystal layer. 
Preferably, the drffuser is disposed between the polar- 
izer and the first substrate in consideration of the effect 
of back scattering (scattering of external light towards 
the incident side of it). The back scattering not contrib- 
uting to the display of the fcqiid crystal device causes a 
deer eased contrast inarefl ectrve display mode. When it 
is disposed between the polarizer and the first sub- 
strate, the polarizer can reduce the quantity of light of 
back scattering to approximately one-half. 
[0109] In another entofiment of the fourth Squid crys- 
tal device in accordance with the present invention, the 
reflective electrode has ^regularities. 
[0110] According to this embodirnent, the inegularrties 
eiminate the minoring on the face of the reflective -elec- 
trode and render the mirror face into a diffusing face 
(white face). Diffusion by the irregularities enables dis- 
play with a wide view angle. The irregularities may be 
formed by forming a photosensitive acrylic resin layer 
under the reflective electrode, or by roughening the 
underlying glass substrate with aqueous hydrogen fluo- 
ride. It is preferable in order to achieve satisfactory 
afgnment of the liquid crystals that a transparent 
planarization f 3m be formed on the irregular surface of 
the reflective electrode so that the surface facing to the 
bquid crystal layer (the surface on which an alignment 
film is formed) is planarized. 

[01 1 1 ] In another embodiment of the fourth liquid crys- 
tal devic in accordance with th present invention, the 
reflective electrod is a composrt of a reflective layer 
and a transparent electrode layer. 
[0112] According to this embodiment, the reflective 
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layer or the transflective electrode reflects external light, 
and the transparent electrode layer applies a driving 
voltage to the Squid crystal even rf the reflective elec- 
trode is not a)mposed da rtf^ sin- 
gle fBnt 5 
[01131 The above-mentioned object of the present 
invention is also achieved by a fourth electronic appara- 
tus provided with the fourth liquid crystal device. 
[0114] The fourth electronic apparatus In accordance 
with the present invention uses a transflective liquid 10 
crystal device or a color transflective liquid crystal 
device without double imaging and blurred imaging due 
to paraBax, and which can change a display mode 
between a reflective mode and a transmissive mode. 
Thus, the electronic apparatus can display high-quality is 
images in any lighted or dark environment regardless of 
th level of ambient oc external light 

Brief Description of the Drawings 

20 

[0115) 

Fig. 1a is a longitudinal cross-sectional view of an 
outline structure in a first embodiment and a sec- 
ond embocfiment of a liquid crystal device in 25 
accordance with the present invention. 
Fig. 1b is a plan view of an outline structure in the 
first enfcodiment and the second embodiment. 
Fig. 2 includes a schematic illustration of the rela- 
tionship among a polarizer, a retardation f Bm, and a 30 
rubbing direction of a liquid crystal ceD, and a char- 
acteristic graph between the driving voltage and the 
reflectance RAransmHtance T in the liquid crystal 
device. 

Fig. 3 is an enlarged cross-sectional view of an out- 35 
line structure of a second transparent substrate in a 
third embodiment of a liquid crystal device in 
accordance with the present invention. 
Fig. 4 is a longitudinal cross-sectional view of an 
outline structure in a fourth embodiment of a liquid 40 
crystal device in accordance with the present inven- 
tion. 

Fig. 5a is a longitudinal cross-sectional view of an 
outline structure in a fifth embodiment of a liquid 
crystal device in accordance with the present inven- *5 
tion. 

Fig. 5b is a plan view of an outline structure in a fifth 
embocfiment of a liquid crystal device in accordance 
with the present inventioa 

Fig. 6 is a plan view of a reflective electrode pro- so 
vided with sits in a sixth embodiment of a liquid 
crystal device in accordance with the present inven- 
tion. 

Fig. 7 is a plan view of another reflective electrode 
provided with slits in the sixth embodiment. 55 
Fig. 8 is a plan view of still another reflective elec- 
trode provided with slits in the sixth embodiment. 
Fig. 9 is a plan view of a further reflectiv electrode 



provided with slits in the sixth embodiment 
Fig. 10 is a plan view of a still further reflective elec- 
trode provided with slits in the sbcth emixxfiment 
Fig. 1 1 is a plan view of another reflective electrode 
provided with sfits in ^^e sixto emb^rn^nt^ 
Fig. 12 is a plan view of stifr arioth^ re^lectftte elec* 
trode provided with slits in the sixth enfoodirriierrL 
Fig. 1 3 is a conceptual view for illustrating the align- 
ment direction of a Bquid crystal in the center 
between substrates in a seventh embodiment and a 
ninth embodiment in accordance with the present 
invention. 

Fig. 14 is a longitudinal cross-sectional view of an 
outline liquid crystal device in an eighth embodi- 
ment in accordance with the present invention. 
Fig. 1 5 is a plan view of a reflective electrode struc- 
ture in the eighth embocfiment. 
Fig. 16 is a plan view of another reflective electrode 
structure in the eighth embocfiment. 
Fig. 17 is a plan view of stifl another reflective elec- 
trode structure in the eighth embodiment 
Fig. 18 is a plan view of a further reflective elec- 
trode structure in the eighth embodiment 
Fig. 19 is a table showing contrasts in a reflective 
display mode and a transmissive display mode 
when the angle <J> is varied in a ninth embodiment in 
accordance with the present inventioa 
Fig. 20 is a table showing contrasts in a reflective 
cfisplay mode and a transmissive display mode 
when the angle w is varied in the ninth embodiment 
Fig. 21a is a schematic plan view c# a TFD driving 
element and a pixel electrode in a tenth embodi- 
ment in accordance with the present invention. 
Fig. 21b is a cross-sectional view taken along line 
B-B*inFig.21a. 

Fig. 22 is an equivalent circuit diagram of a iquid 
crystal device and a driving circuit in the tenth 
embodiment 

Fig. 23 is a partially broken isometric view for sche- 
matically showing the liquid crystal device in the 
tenth embodiment. 

Fig. 24 is an equivalent circuit diagram of various 
elements and lead lines in a plurality of pixels 
formed in a matrix which constitutes an image dis- 
play region in a liquid crystal device in an eleventh 
ernbodiment in accordance with the present inven- 
tion. 

Fig. 25 is a plan view of a pluraSty of adjacent pixels 
on a transparent substrate provided with data fines, 
scanning lines and pixel electrodes in the eleventh 
embodiment 

Fig. 26 is a cross-sectional view taken along line C- 
C in Fig. 25. 

Fig. 27 is a graph showing transnrittance of individ- 
ual color layers in a color filter in the first or fifth 
embodiment. 

Fig. 28 includes outline isometric views of various 
electronic apparatuses in a twelfth embodiment in 
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accordance with the present invention. 
Best Mode for Carrying out the Invention 

[0116] A best mode in each embodiment fa carrying 
out the present invention wiH now be described with ref- 
erence to the drawings. 

(First Embodiment) 

[01171 A first embedment of a liquid crystal device in 
accordance with the present invention will be described 
with reference to Figs, la and 1b Fig. 1a is a longitudi- 
nal cross-sectional view of an outline structure in the 
first embodiment of the present invention. Fig. 1b is an 
outline plan view of the first embodiment shown in Fig. 
1a. In Fig. 1b, a cotorfiHer and a black matrix layer 
shown in Fig. 1a are omitted so that the electrode 
arrangement is readBy visible, and only three vertical 
and three horizontal stripe electrodes are depicted, 
although many stripe electrodes are provided in an 
actual liquid crystal device. Although the first embodi- 
ment fundamentally relates to a passive matrix liquid 
crystal device, it is also applicable to an active matrix 
device, a segment-type device, and other types of Squid 
crystal devices. 

[01181 As shown in Figs. 1 a and 1U in the first embod- 
iment a liquid crystal eel is formed in which a liquid 
crystal layer 3 is disposed between two fransparent sub- 
strates 1 and 2 and sealed by a sealing frame 4. The liq- 
uid crystal layer 3 is composed of a nematic liquid 
crystal having a predetermined twist angle. A color titer 
5 is formed on an inner surface of the front transparent 
substrate 1, and the color niter 5 is provided with three 
red (R), green (G), and blue (B) coloring layers which 
ar arranged in a predetermined pattern The surface of 
the color filter 5 is covered with a transparent protective 
film 10, and a plurality of stripe transparent electrodes 6 
composed of, for example, indium tin oxide (ITO) is 
formed on the surface of the protective fim 10. An align- 
ment film 9 is formed on the transparent electrodes 6, 
and is previously subjected to rubbing treatment n a 
predetermined direction. 

[0119] A plurality of stripe reflective electrodes 7, 
which is formed corresponding to coloring layers of the 
color filter 5, is arranged on the inner face of the rear 
transparent substrate 2 so as to cross the transparent 
electrodes 6. In an active matrix device provided with 
TFD elements and TFT elements, each reflective elec- 
trode 7 is rectangular, and is connected to a lead fine 
through an active element The reflective electrode 7 is 
composed of chromium or aluminum, and has a reflec- 
tive surface which reflects tight incident on the transpar- 
ent substrate 1. An alignment film 19 is formed on the 
reflective electrode 7 as described above Each reflec- 
tive electrode 7 has many openings 7b having a diame- 
ter of 2 nm (se Fig. 1b), and the openings 7b have a 
total area corresponding to approximately 10% of the 



total area of the reflective electrode 7. 
[0120] A polarizer 11 fs disposed abov the outer face 
of the front transparent substrate 1, and a retardation 
fim 13 is disposed between the polarizer 11 and the 

5 transparent substrate 1. At the rear side of the liquid 
crystal cell, a retardation film 14 is provided behind the 
transparent substrate 2, and a polarizer 12 is provided 
behind the retardation film 14. A backlight 15 provided 
with a fluorescent tube 15a emitting white light and a 

w light guide plate 15b having an incident end face along 
the fluorescent tube 15a is arranged behind the polar- 
izer 12. The fight guide plate 15b is composed of a 
transparent body, such as an acrylic resin plate, having 
an entire rough surface for scattering or a printed layer 

is for scattering. It receives light from the fluorescent tube 
15a as a Tight source at the end face, and emits sub- 
stantially uniform fight from the top face in the drawing. 
Examples of other usable backlights include a light 
emitting diode (LED) and an eJectrolurmtescerrt (EL) 

20 lamp. 

[01 21 ] In the first embodiment, a black matrix layer 5a 
as a shading layer is formed between two coloring lay- 
ers of the color fitter 5 in such manner that the black 
matrix layer 5a is provided substantiaBy corresponding 

25 to the region 7a, when viewing from the fop, between 
two reflective electrodes 7, so that the black matrix layer 
prevents optical leakage from the region 7a in a trans- 
missive display mode. The black matrix layer 5a is 
formed of a coated chromium layer or a photosensitive 

30 black resin layer. 

[0122] The operation of the first embodiment having 
the above structure will now be described. 
[0123] First a reflective display mode win be 
described. External light, in Fig. 1, transmitted through 

35 the polarizer 11, the retardation film 13, the color filter 5, 
and then passing through the liquid crystal layer 3, is 
reflected by each reflective electrode 7, and emerges 
again from the polarizer 11. The polarizer 11 is control- 
led to a fransmissrve state (lighted state), an absorbed 

40 state (dm state), or an intermediate brightness state 
therebetween in response? to a voltage applied to the liq- 
uid crystal layer 3. 

[0124] Next, a transrntssive display mode wil be 
described. Light from the backlight 15 is converted to a 

45 predetermined polarized light beam by the polarizer 1 2 
and the retardation fim 14, enters the liquid crystal layer 
3 through openings 7b of each reflective electrode 7, 
passes though the liquid crystal layer 3, and then is 
transmitted through the color filter 5 and the retardation 

50 fim 13. Brightness of the polarizer 1 1 is controlled to a 
transmissrve state (lighted state), an absorbed state 
(dim state), or an intermecfiate state therebetween in 
response to a voltage applied to the liquid crystal layer 
3. 

55 [01 251 This embodiment can provide a color liquid 
crystal device without douW imaging and blurred imag- 
ing, and which can change a display mode between a 
reflective mode and a fransmtssive mode. 
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[0126] In the first eniwdiment, the polarizer 1 1 as a 
first polarizer, the retardation film 13 as a first retarda- 
tion film, the polarizer 12 as a second polarizer, and the 
retardation f ton t4 as, a second retardation film, are pro- 
vided; hence*the powers *1 and 12?can satisfactorily s 
control display^ :fajp^te^tofo\tis(fy- mode and 
the transm^sw»di^^ retardation film 13 

moderates effects on tonality such as coloring due to 
wavelength cBspersion of light in the reflective display 
mode (the retardation fBm 13 optimizes display in the 10 
reflective mode). Also, the retardation f am 14 moderates 

ffects on tonality such as coloring due to wavelength 
dispersion of fight in the transmissive display mode (the 
retardation film 14 optimizes display in the transmissive 
mode, under the condtion of the optimization by the 15 
retardation fflm 13 in the reflective cfisplay mode). 
Although one retardation film is used in this embodi- 
ment regarding each of the retardation fim 13 and the 
retardation film 1 4, a plurality of retardation films may be 
provided at positions for correcting coloring of the liquid 20 
crystal cefl and for correcting the view angle Use of a 
plurality of retardation films further facilitates optimiza- 
tion of correction of the coloring and the view angle. 
[0127] The openings 7b provided in each reflective 
electrode 7 in the fast embodiment are composed of 25 
square fine openings or oblong slits which are regularly 
arranged in the plane of toe reflective electrode 7, or 
composed of fine defects, such as pinholes and dim- 
ples, dotted in the reflective electrode 7. These open- 
ings transmit ight. The structure of such openings 7b 30 
will be described in subsequent sixth to eighth embodi- 
ments in detail with reference to Figs. 7 to 1 1, and thus 
detailed description is omitted in this embodiment. 
[0128] Transmissive display is performed by light 
emerging from the backlight 1 5 through the openings 7b 35 
provided in the reflective electrode 7 in the first embod- 
iment Also, in a structure for performing transmissive 
display in which fight is introduced through openings 7a 
in the reflective electrode 7 (see the thirteenth embodi- 
ment described below), a combination of a polarizer 11 40 
with a retardation fflm 13 and a combination of a polar- 
izer 12 and a retardation fflm 14 can provide satisfactory 
display in a reflective display mode and a transmissive 
display mode, respectively, and can moderate coloring 
due to wavelength dispersion of light. 45 

(Second Embodiment) 

[01 29] A second embodiment of a liquid crystal device 
in accordance with the present invention will now be so 
descrtoed with reference to Figs. 1a and 1b. The funda- 
mental structure in the second embodiment is the same 
as that in the first embodiment. In the second embodi- 
ment, materials for and properties of the liquid crystal, 
the reflective electrode, the alignment film, and the 55 
polarizer are specifically limited. Although the second 
embodiment fundamentally relates to a passiv matrix 
liquid crystal display device, it is also applicable to an 



active matrix device, a segment-type device, and other 
types of liquid crystal devices. 
[0130] With reference to Figs. 1a and lb. in the sec- 
ond embodiment; rubbing treatrnent in 4 predetwrrHnecl 
ejection ^^gfi^^^g^ 1 * 

oiles in the l^'tifysifrl^ 
approximately 85 degrees in the rubbing direction! The 
above-descrtoed aigriment film 19 is formed on the 
reflective electrode 7, but is not subjected to rubbing 
treatment As the reflective electrode 7, a metal film with 
a thickness of 25 ran is used in which aluminum contain- 
ing 1.0 percent by weight of neodymium is sputtered. 
The aluminum used has a purity of 95 percent by 
weight, and the thickness is set to be in a range of 10 
nm to 40 ran Such a reflective electrode 7 may also be 
used in the first embodiment. Quarter-wavelength 
plates are used as retardation films 13 and 14. 
[0131] In the second embodiment the polarization 
axes P1 and P2 erf the polarizers 11 and 12 are set in 
the same direction, as shown in Fig. 2(a). The slow axes 
C1 and C2 of the retardation firms 13 and 14 (the quar- 
ter-wavelength plates) are set in the direction rotating 
clockwise by a = 45 degrees from the polarization axes 
P1 and P2 of the polarizers 1 1 and 12, respectively. The 
rubbing direction R1 of the alignment f flm 9 on the inner 
face of the transparent substrate 1 also agrees with the 
stow axes C1 and C2 of the retardation flms 13 and 14 
(the quarter-wavelength plates). The nibbing direction 
R1 determines the trlted direction of the liquid crystal 
layer 3 when a voltage is applied. A nematic liquid crys- 
tal of which anisotropy of dielectric constant is negative 
is used as the liquid crystal layer 3. 
[0132] Fig. 2(b) shows a driving voltage versus a 
reflectance R relationship in a reflective display mode 
and a driving voltage versus a transmrttance T relation- 
ship in a transmissive display mode in the second 
embocfiment The display state when no voltage is 
applied is dim or black That is, the liquid crystal device 
is driven by a normally black mode. Since such a driving 
mode suppresses optical leakage and unnecessarily 
reflected light from a gap 7a between reflective elec- 
trodes 7 with respect to a non-driven liquid crystal, for- 
mation of a black matrix layer 5a is unnecessary. 
[01 33] The operation of the second embodiment hav- 
ing the above structure wffl now be described. 
[0134] First, a reflective display mode will be 
descrtoed. External light, in Fig. 1, is transmitted 
through the polarizer 1 1 , the retardation film 1 3, and the 
color filter 5. then passing through the liquid crystal 
layer 3. and is reflected by each reflective electrode 7. 
and still further emerges from the polarizer 11. Bright- 
ness of the polarizer 11 is controlled to a transmissive 
state (lighted state), an absorbed state (dim state), or an 
intermedial state therebetween in response to a volt- 
age applied to the liquid crystal layer 3. 
[0135] Next, a transmissive display mod will be 
descrtoed. Light from th backlight 15 is converted into 
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a predetermined polarized light beam by the polarizer 
12 and the retardation flm 14 (circularly polarized light 
elliptically polarized, light, or linearly polarized fight), 
enters the liquid crystal, layer 3 through openings 7b of 
each refle<^ ^^trqde 7, and Passes though the fiqh 5 
uid crystal layer ^Jhen is tr^nsrr^ikl Ihrpu^h tfie art* 
filter 5 and the retardation f8m i3 r respectryejy Bright- 
ness of the polarizer 11. is controlled to a transmissive 
state (lighted state), an absorbed state (dim state), or an 
intermediate state therebetween in response to a volt- 10 
age appfied to the liquid crystal layer 3. 
[0136] This errtxxfimerrt can provide a color liquid 
crystal device without double imaging and blurred imag- 
ing, and which can change a display mode between a 
reflective mode and a transmissive mode is 

(Third Embotfment) — 

[0137] A third embodiment of a liquid crystal device in 
accordance with the present invention will now be 20 
described with reference to Fig. 3. Fig. 3 is an enlarged 
cross-sectional view of a structure on the inner face of a 
transparent substrate in the third embodiment 
[0138] In the third embodiment as shown in Fig. 3, a 
reflective electrode 1 7 is provided in place of the reflec- 25 
five electrode 7 in the first enAxxftrie m . and other struc- 
tures are the same as those in the first embodiment 
Although the third embodiment fundamentatty relates to 
a passive matrix liquid crystal device, it is also appfca- 
We to an active matrix device, a segment-type device. 30 
and other types of liquid crystal devices. 
[0139] In the third errtxxfiment, the reflective elec- 
trode 17 is provided with irregularities having a height 
of. for example, approximately 0.8 \ixrt The irregularities 
remove the mirror face of the reflective electrode 17 and 35 
impart a scattering face (a white face) thereta Scatter- 
ing caused by the irregularities permits cfsplay with a 
wider view angje. 

[0140] A method tor making the reflective electrode 17 
wil now be described. 40 
[0141] A photosensitive resist tor the reflective elec- 
trod 17 is applied to the inner face of the transparent 
substrate 2 shown in Fig. 1 by spin coating or the Ike. 
and is exposed to light in which the amount of the fight 
is adjusted by a mask having fine openings. The photo- 45 
sensitive resist is fired, if necessary, and is developed. 
Portions corresponding to the openings of the mask are 
selectively removed by the development to form a sup- 
porting layer 1 6 having a wavy cross-sectional shape as 
shown in the drawing. A wavy cross-sectional shape as so 
in th supporting layer 16 shown in the drawing may be 
formed by selective removing or remaining at the por- 
tions corresponding to the openings of the mask by the 
photolithographic process, and then by smoothing the 
irregular shape by etching or heating. Alternatively, 55 
another layer may be deposited on the surface of the 
formed supporting layer to smooth th surface. 
[0142] Next, a metallic thin fHm is vapor-deposited on 



th surface of the supporting layer 16 by sputtering or 
the like to form a ref lectiv electrode 1 7 with a reflective 
surface. Examples of metals used include Al, CrAg. and 
Au Since the shape oUthe reflective electrode 17 
reflects the wavy surface; shape of the supporting layer ' 
16, rtscveraJi surface has irr^^ 
film 18 composed of a fransparent resin may betormed 
thereon, if necessary, and then an alignment f am 19 is 
formed thereon. 

[0143] Such provision of the reflective electrode 17 
can prevent direct reflection of external light in a reflec- 
tive display mode, and improved visibility is achieved 
without diminished display brightness. 
[0144) In this case, a reflective layer having the same 
shape as that of the reflective electrode 17 may be 
formed and then a transparent electrode may be formed 
thereon. When the reflective electrode consists of a 
composite of the reflective layer and the transparent 
electrode layer so that the reflective layer reflects exter- 
nal light, and the transparent electrode layer applies a 
liquid crystal driving voltage, the reflective electrode 
having irregularities functions as a transffective layer. 

(Fourth Embodiment) 

[0145] A fourth ernbodiment of a liquid crystal device 
in accordance with the present invention will now be 
described with reference to Fig. 4. Fig. 4 is a tongrtuS- 
nal cross-sectional view of an outline structure in the 
fourth embodiment in accordance with the present 
invention. In Fig. 4, the same elements as in the first 
embodiment shown in Fig. 1a are referred to by the 
same reference numerals, without further descrptioa 
[0146] As shown in Fig. 4, in the fourth embodiment, 
a transmissive optical drffuser 21 is disposed between 
the retardation tarn 13 and the transparent substrate 1, 
in addition to the structure shown in the first embodi- 
ment The optical diffuser 21 may be of an internal diffu- 
sion type m which transparent particles are dispersed in 
a transparent substrate such as an acrybc resin having 
a different refractive index, or of a surface diffusion type 
in which the surface of a transparent substrate is rough- 
ened (to form a mat). The other structures are the same 
as those in the first embodiment • 
[0147] The optical drffuser 21 can also prevent cfirect 
reflection of external light on the reflective electrode 7 in 
a reflective display mode, resulting in improved visibility. 
The position of the optical diffuser 21 is not limited to 
that shown in Fig. 4 . as long as it is disposed forward of 
the reflective layer. For example, the optical diffuser may 
be formed on the reflective electrode or the reflective 
layer. 

(Fifth Embodiment) 

[0148] Afrfth mbodiment of a liquid crystaJ devk in 
accordance with the present invention will now be 
described with reference to Figs. Sa and 5b. Fig. 5a is a 
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longitudinal cross-sectional view of an outline structure 
in a fifth embodiment in accordance with the present 
invention, and Fig. 5b is an outline plan view in the fifth 
embodiment In Fig: 5b, a color filter and a black matrix 
layer shown in Fig. 5a are not depicted to facilitate a 
view of an electrode arrangement, and only three verti- 
cal stripe electrodes and three horizontal stripe elec- 
trodes are indicated tor simplicity. An actual liquid 
crystal device has many more stripe electrodes. In Figs. 
5a and 5b, the same elements as in the first embodi- 
ment shown in Figs. 1a and 1b are referred to by the 
same reference numerals, without further description. 
Although the fifth embodiment fundamentally relates to 
a passive matrix Squid crystal device, it is also applica- 
ble to an active matrix device, a segment- type device, 
and other types of liquid crystal devices. 
[0149] As shown in-Figs. 5a and 5b, in the f ifth embod- 
iment reflective electrodes 17* each having many fine 
pores 1Ta are provided in place of the reflective elec- 
trodes 7 in the first embodiment, and the other struc- 
tures are the same. Light from the backlight 15 passes 
through fine pores 17*a of the reflective electrodes 17* in 
a transmissfve display mode so that display on the liquid 
crystal is vistole. After the reflective electrodes 1 T are 
formed by vapor evaporation or sputtering, a resist layer 
having openings is formed by phc^oTrthograpriy. and 
then the fine pores 1 Ta are formed by etching. 
[0150] In the fifth embodiment the fine pores ITa 
ensure bright display in a transmJssive display mode, 
and prevents reflection of external fight in a reflective 
display mode as in the third embodiment 

(Sixth Embedment) 

[0151 ] A sixth embodiment of a liquid crystal device in 
accordance with the present invention will now be 
deserted with reference to Figs. 6 to 12. The funda- 
mental structure in the sixth embodiment is the same as 
that in the first embodiment, but the structure relating to 
the reflective electrode 7 in the fust embodiment is 
specif ied in the sixth embodiment Figs. 6 to 1 2 are plan 
views of reflective electrodes provided with various slits. 
Although the sixth embodiment fundamentally relates to 
a passive matrix liquid crystal device, it is also applica- 
ble to an active matrix device, a segment-type device, 
and other types of liquid crystal devices. 
[01 52] In the sixth embodiment shown in Fig. 6, a plu- 
rality of transparent electrodes 801 functioning as scan- 
ning lines are formed on the inner surface of the 
transparent substrate 1 (see Fig. 1) in a stripeed pat- 
tern, in which the transparent electrode 801 is an exam- 
ple of the transparent electrode 6. Reflective electrodes 
802 as data lines are formed on the inner surface of the 
transparent substrate 2 (see Fig. 1), in which the reflec- 
tive electrode 802 is an example of the reflective elec- 
trode 7. Each reflective electrode (data line) 802 is 
provided with slits 803 as an example of the openings 
7b. Each reflective electrode 802 allotted to any on of 



red (R), green (G), and blue (B) forms one dot at a 
region overlapping one transparent electrode 801, and 
ac5acerttrreeaGandBcfots(^sth^eon substan- 
tially square pixel. In each dot each reflective electrode 

5 802 has four slits 803^? ^ ^ v >^1?- - 
[0153] Since eScjVreM 
slits 803 in the sixth erntxximent, 
field caused by a short side 803a of each slit 803 (the in- 
substrate component is parallel to the longitudinal cfirec- 

io ton of the slit 803) is moderated depending the length of 
the long side 803b of the sft 803. That is, an oblique 
electric field caused by the long side 803b of the slit 803 
(the in-substrate component is perpendicular to the lon- 
gitudinal direction of the slit 803) controls movement of 

is liquid crystal molecules in the vicinity of the slit. Thus, 
such a structure can suppress insufficient alignment of 
the liquid crystal which is caused by disagreement 
between the oblique electric field due to the short side 
803a and the oblique electric field due to the long side 

20 803b of the slit 803, and thus can suppress overall insuf- 
ficient alignment of the liquid crystal caused by the 
oblique electric fields by the slit 803. Also, the oblique 
electric field due to the long side 803b can be voluntarily 
used for driving the liquid crystal. 

25 [0154] In accordance with the sixth embodiment dis- 
play defects can be reduced, and electrical power con- 
sumed by the Squid crystal device can be 
si muftaneousfy reduced by a reduced threshold voltage 
when the iquid crystal is driven. When a counter meas- 

30 ureis taken only for the oblique electric field due to the 
long side 803b of the slit 803, and no consideration is 
given to the oblique electric field due to the short side 
803a of the s6t 803, overall insufficient alignment of the 
liquid crystal caused by the oblique electric field can be 

35 reduced. Alternatively, voluntary use of the oblique elec- 
tric field due to the long side 803b of the slit 803 fatiti- 
tates overall effective use of the obfique electric field 
due to the slit 803. 

[0155] Such oblong slits 803 can be readily formed by 

40 a photostep using a resist a development step, and 
then a peeling step. Thus, the slits 803 can be simulta- 
neously formed when the reflective electrodes 802 are 
formed. The width of each slit 803 is in a range of pref- 
erably 0 01 jim to 20 jim, and more preferably 4 nm or 

45 more. Since a viewer cannot recognize such a structure, 
a reflective display mode and a transmissrve display 
mode can be simultaneously achieved without deterio- 
ration of image quality due to the slit 803. Preferably, the 
slit 803 has an area ratio of 5% to 30% with respect to 

so the reflective electrode 802. Such a ratio can moderate 
decreased brightness in a reflective display mode, and 
achieves a transmissive display mode by fight incident 
on the liquid crystal layer via the sfits 803 of the reflec- 
tive electrodes 802. 

55 [0156] In the sixth embodiment, a plurality of stripe 
reflective electrodes 802 is formed at a predetermined 
gap, and slits 803 extend in th longitudinal direction of 
the reflective electrodes 802 (the longitudinal direction 
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in Fig. 6). Thus, a countermeasure for the oblique elec- 
tric field caused by the slits 803 is effective for the 
oblique electric f ield caused by gaps 802b between the 
reflective e)e#rp^ 

electrodes 802 and the slits 803 can be simujteu^?^ s- 
formed; rnsrigg^j^^ 
ration canM&it^^ 
ing the rellectfve electro^ 
for the slits 803, without providing an additional step for 
forming the slits 803. w 
[0157] In the sixth embodiment, each slit 803 extends 
to a position facing a gap 801b between the transparent 
electrodes 801. Thus, edges of each reflective etec- 
trod 802, which define short sides 803a of each sm 
803 and are opposingly disposed at a relatively large is 
distance, lie in a gap 801b between transparent elec- 
trodes 801. Namely, since the edge is distant from a 
region in which a voltage is applied between the trans- 
parent electrode 801 and the reflective electrode 802. 
th effect of the oblique electric field due to the short 20 
side 803a of the slit 803 causing insufficient alignment 
of the liquid crystal can be significantly and effectively 
reduced. 

[0158] As a modrficafon of the sixth embodiment, in 
consideration of this, as shown in Fig. 7, the slit 803 may 26 
extend over a plurality of pixels or may extend towards 
the exterior of the image cSsptey region, hi such a struc- 
ture, each pixel does not have or tie image display area 
does not include the edges of reflective electrodes 802 
defining short sides 803 (as not shewn in Fig. 7) of slits 30 
803 opposingly disposed at a relatively large distance; 
hence, the effect of the obique electric field due to the 
short side 803a of the sfit 803 causing insufficient align- 
ment of the liquid crystal can be significantly and effec- 
tively reduced. 35 
[0159] Possible further modifications of the oblong slit 
803 in the sixth embedment include two slits 803 for 
one dot as shown in Fig. 8; two slits 703 for one dot, 
each slit having a long side in the direction perpencficu- 
lar to the reflective electrode 702 (parallel to the trans- 40 
parent electrode 701) as shown in Fig. 9; one sit 903 for 
one dot, each slit having. a long side in the direction 
slant to the reflective electrode 902 (slant to the trans- 
parent electrode 901) as shown in Fig. 10; and a slit 
1003 consisting of a plurality of oblong strt elements 45 
having long sides in directions parallel to and perpen- 
dicular to the reflective electrode 1002 (paralel to and 
perpendicular to the transparent electrode 1001) as 
shown in Fig. 1 1 . 

[0160] In the sixth embodiment as shown in Fig. 12, so 
a width of a slit 1202 provided in a reflective electrode 
1201 may be substantially equal to a gap (an interdot 
region) 1203 between two reflective electrodes 1201. 
When L1 is nearly equal to L2, wherein L1 is the width 
of the gap 1203 and L2 is the width of the slit1202. a 55 
photomask does not require high design accuracy and 
thus can be readily designed. Furthermore, provision of 
such slits causes slightly increased cost 



[01 61 J As in the second to fourth embodiments, the 
sixth embodiment can include normally black mode 
driving, provision^ a diffuser, or a reflective (ectrode 
with irregularis lm^ 
the black matrix layer 5a may be omitted^ .v" 

(Seventh Embodiment) ^'-i>^.^ . 

[0162] A seventh embodiment of a liquid crystal 
device in accordance with the present invention will now 
be described with reference to Figs, 13 and 6 to 10. 
[0163] In the seventh embodiment, attention is paid to 
the alignment direction of the Hqukf crystal molecules in 
the center of the liquid crystal layer disposed between 
the two transparent substrates in a liquid crystal device 
which is similar to that in the sixth embodiment. 
[0164] Fig. 1 3 is a longitudinal cross-sectional view for 
illustrating the alignment direction of a Squid crystal in 
the center between the substrates. A 6qukJ crystal 503 
is in a predetermined twist-alignment state between two 
substrates 501 and 502. The long axis direction of a liq- 
uid crystal molecule 504 lying substantially in the center 
between the substrates is def ined as an alignment 
direction 505. 

[0165] In the seventh embodiment, with reference to 
Fig. 6 described above, a potential difference generated 
between a reflective electrode (data Sne) 802 and a 
transparent electrode (scanning fine) 801 forms an 
obique electric field which drives a liquid crystal on an 
oblong slit 803 to achieve transmissive display. As 
shown in Fig. 6, an angle between the longitudinal 
direction of the slit 803 of the reflective electrode 802 
(the y direction in Fig. 6) and the alignment direction 804 
of the liquid crystal molecule in the center between the 
substrates is def ined as Display delects (rJsclnation) 
due to a reverse «t domain occur in a range of -90* £ £ 
s* -SO? or 60° £ £ £ 90 e . and thus bright, high-quality 
transmissive display is not achieved. A posstte reason 
is formation of a tilt domain by orthogonal crossing of 
the alignment direction of trie liquid crystal rofecule in 
the center between the substrates and the tongriudirtal 
direction of the reflective electrode. The ctsplay defects 
tamed in the region causes an inevitable increase in 
the threshold voltage during driving of the liquid crystal. : 
Display defects such as disclination due to the reverse 
tat domain are avoidable in a range of -60° £ 4 £ 60\ 
and thus bright, high-quality transmissive display is 
achieved. Since the display defects barely occur, the 
threshold voltage during driving of the liquid crystal can 
be reduced, resulting in reduced power consumption of 
the liquid crystal device The above advantage is partic- 
ularly noticeable in a range of -30° £ £ <> 30° 
[01 66] In cases of oblong slits 803 shown as modaica- 
tions of the sixth embodiment in Figs. 7 and 8, the longi- 
tudinal direction is parall I to the reflective electrode 
802 as in Fig. 6, and bright, high-quality transmissive 
display is achieved in a rang of -60* <> ( £ 60°. The 
above advantage is particularly noticeable in a range of 
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-30° £$£30°. 

[0167] Also, in the slits 703 and 903, as modifications 
of the sixth embodiment shown in Fig. 9 and 10. an 
angle between the tongrtucfinal direction of the slit 703 of 
the reflective electrode 702 (th X direction in the draw- 5 
ings) and the alignment direction 704 of the liquid crys- 
tal molecule: in the center between the substrates is 
defined as 4. and an angle between the longitudinal 
direction 904 of tfie sIH 903 of the reflective electrode 
902 and the alignment direction 905 of the liquid crystal 10 
molecule in the center between the substrates is 
defined as A preferable angle is in a range of -60* £ ? 
£ 60°. The above advantage is particujarty noticeable in 
a range of -30* s ^ £ 30*. 

[01 68] The effects of the present invention described 15 
in the seventh entxxfrment can be further ensured by 
specifying the alignment direction 506 of the liquid crys- 
tal molecule in the vtomty of the substrate 502 in Fig. 
13. That is, in Fig 6. an angle between the alignment 
direction 805 of the tquri crystal molecule in the vicinity 20 
of the lower substrate and the longitudinal direction (the 
Y direction in Fig. 6) of the sift 703 is defined as 5. A 
preferable angle is »> a range of -30* 30°. In a 
range outside -30* <f>< 30*. the bqmd crystal molecule 
at the substrate interface is reverse- titled by the effect of 25 
the oblique electric field to cause display defects. Limi- 
tation of the angle m a range of -30* £ 6 £ 30° can 
reduce the threshold voltage during driving of the liquid 
crystal, resulting in reduced power consumption of the 
liquid crystal device. The above advantage is parti cu- 30 
larry noticeable in a range of - 10* £ 6 £ 10°. 
[0169] Also, hi rtxxW ications shown in Figs. 7to10.an 
angle between the alignment direction of the liquid crys- 
tal molecule in the vicinity of the lower substrate and the 
longitudinal direction of the slit is defined as 5. A prefer- 35 
afcie angle is in a range of -30* 30*. Limitation of 
the angle in a range of -30° £ 6 £ 30* can reduce the 
threshold voltage during driving ot the Squid crystal, 
resulting in reduced power consumption of the liquid 
crystal device. The above advantage is particularly 40 
noticeable h a range of -10* s 6 s 10*. 
[0170] As in the second to fourth embodiments, the 
seventh embodiment can include normally black mode 
driving, provision of a diffuses or a reflective electrode 
with irregularities In the normally black mode driving. 45 
th black matrix layer 5a may be omitted. 

(Eighth Embodiment) 

[01 71 ] An eighth embodiment of a liquid crystal device so 
in accordance with the present invention win now be 
described with reference to Figs. 14 to 18. Rg. 14 is a 
longitudinal cross-sectional view of an outline structure 
in the eighth ernbodiment in accordance with the 
present invention. In Fig. 14. the same elements as in 55 
th first embodiment shown in Fig. 1a are referred to by 
the same refer enc numerals, without further descrip- 
tion. Figs. 15 to 17 are plan views of concrete reflective 



electrode structures, and Fig. 18 is a plan view of a 

modification of the reflective electrode. 

[0172] As shown in Fig. 14. each reflective electrode 

107 in the eighth ernbotfimeVrt is one size smaller than 

each respective transparent electrode 6, as ccropa^ed 

with the first errtxfcfir^; W 

provided with TFD elements and TFT etemerftsT the 

reflective electrode 107 has a rectangular shape, and is 

connected to a lead fine via an active element. The 

other structures are the same as those in the first 

embodiment 

[0173] In the eighth errtxxfirnent, a reflective elec- 
trode 107 having a smaller area than thai of a transpar- 
ent electrode 6 on the Inner face of a transparent 
substrate 1 is formed on the inner face of a transparent 
substrate 2 so that an oblique electric field generated 
between the two electrodes partly drives the liquid crys- 
tal layer 3 facing a gap 107b in which a reflective elec- 
trode 107 is not provided (thus, the gap transmits light 
from the backlight 15). 

[01 74] The operation of the eighth embodiment having 
the above structure will now be described. 
[0175] First, a reflective display mode will be 
described. External fight, in Fig. 14. is transmitted 
through a polarizer 11, a retardation fim 13. a color fitter 
5. and passes the liquid crystal layer 3. and then is 
reflected by each reflective electrode 107. and emerges 
from the polarizer 11. Brightness of the polarizer 11 is 
controlled to a transrnissive stitfe (lighted state), an 
absorbed state (dim state), or an intermediate state 
therebetween in response to a voltage applied to the liq- 
uid crystal layer 3. 

[0176] Next, a transrnissive display mode will be 
described. Light from the backlight 15 is converted into 
a predetermined polarized light beam by a polarizer 12 
and the retardation firm 14, enters the liquid crystal layer 
3 through each gap 1 07b in which a reflective electrode 
107 is not formed, passes though the fiquid crystal layer 
3, and ts transmitted through the color titer 5 and the 
retardation fim 13. The liquid crystal layer 3 is driven by 
an oblique electric field between the reflective electrode 
107 and the transparent electrode 6. having different 
sizes, and thus brightness of the polarizer 11 is control- 
ted to a transrnissive state (lighted state), an absorbed 
state (elm state), or an intermediate state therebetween 
in response to a voltage applied to the Bquid crystal 
layer 3. 

[0177] The embodiment can provide a color liquid 
crystal device without double imaging and blurred imag- 
ing, and which can change a display mode between a 
reflective mode and a transrnissive mode. 
[0178] In the eighth embodiment, actual structures of 
the transparent electrode 6 and the reflective electrode 
107 which generate such an oblique electric field will be 
descrtoed in Figs. 15 to 17. 

[01 79] Fig. 1 5 shows a structure in which the present 
invention is applied to a TFD active matrix liquid crystal 
device. Scanning lines 202 are formed on th inner face 
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of a lower substrate, and a TFD element 203 and a 
reflective electrode 204 are formed corresponding to 
each dot Transparent electrodes 201 as data lines are 
formed on the ^ggr fece of an upper substrate. The 
transparent ^^^201 has a (arger area than that erf s 
the reflective ei^bde 204 .in each pixeJ, arxj extends }p 
the opposing region *i which the reflective electrode 
204 is not formed. When a driving voltage is applied to 
the liquid crystal an oblique electric field is generated at 
the gap 205 (an edge of the reflective electrode 204) in w 
which the reflective electrode 204 is not formed, by a 
potential difference between the reflective electrode 204 
and the transparent electrode 201. The obfique electric 
field drives the liquid crystal in the vicinity of the reflec- 
tive electrode 204, and transmissve display is achieved, is 
[0180] Fig. 16 is a structure when the present inven- 
tion is applied to a simple or passive matrix liquid crystal 
devic . Reflective electrodes 302 as data lines are 
formed on the inner face of a lower substrate. A plurality 
of transparent electrodes 301 as seaming fines is 20 
formed on the inner face of an upper electrode in a 
stripeed pattern. When a potential difference is gener- 
ated between a reflective electrode 302 and a transpar- 
ent electrode 301 at a gap 303 between reflective 
electrodes 302 in which the transparent electrode 25 
(scanning line) 301 is formed on the upper substrate, an 
oblique electric field is formed. The oblique electric field 
drives the Squid crystal facing the gap 303. and trans- 
missive display is achieved. 

[0181] Fig. 17 shows a structure when the present 30 
invention is applied to a TFT active matrix liquid crystal 
device. Gate lines 403 and scanning fines 402 are 
formed on the inner face of a lower substrate, and a TFT 
lement 404 and a reflective electrode 405 are formed 
corresponding to each dot A transparent electrode 401 3S 
as a common electrode (a counter electrode) is formed 
on the inner face of an upper substrata The transparent 
electrode 401 has a larger area than that of Vie reflec- 
tive electrode 405 in each pixel, and extends to the 
opposing region in which the reflective electrode 405 is 40 
not formed. Thus, an obfique electric field is generated 
atth gap 406 (an edge of the reflective electrode 405) 
in which the reflective electrode 405 is not formed, by a 
potential difference between the reflective electrode 405 
and the transparent electrode 401. The obfique electric 45 
field drives the fiquid crystal in the vicinity of the reflec- 
tive electrode 405, and transmissrve display is achieved. 
[0182] As a modification of the eighth enxxxJiment as 
shown in Fig. 1 8. openings 603 may be provided in each 
reflective electrode 602 and transparent electrodes 601 so 
may be provided in regions facing the openings 603. 
Also, in such a structure, a potential drfference between 
the reflective electrode 602 and the transparent elec- 
trode 601 generates an oblique electric field, and the 
oblique electric field drives th liquid crystal at the open- 55 
tngs 603, and transmissrve display is achieved. 
[0183] As in the second to fourth embodiments, the 
eighth embodiment can include normally black mod 



driving, provision of a ditfuser, or a reflective electrode 
with irregularities. In the normally black mode driving, 
the black matrix layer 5a may be omitted. 

(Ninth Embodiment) 

[0184] A ninm errxxxfimerrt of a liquid crystal device ri 
accordance with the present invents will now be 
desa toed with reference to Figs. 1 3 to 1 7. 
[0185] In the ninth embodiment attention is paid to the 
alignment direction of the liquid crystal molecules in the 
center of the liquid crystal layer disposed between the 
two transparent substrates in a liquid crystal device 
which is similar to that in the eighth embodiment 
[01 86] When an electrode arrangement shown in Rg. 

15 in the ninth embodiment is employed, an angle 
between the longitudinal direction of the reflective elec- 
trode 204 (the Y direction in Fig. 15) and the alignment 
direction 206 of the fiquid crystal molecule in the center 
between the substrates is defined as f Display defects 
(disdination) due to a reverse tilt domain occur in a 
range of -90° <: + £ -60* or 60° £ f <: 90* and thus bright, 
high-quality transmissrve display is not achieved. A pos- 
sible reason is formation of a tilt domain by orthogonal 
crossing of the alignment direction of the liquid crystal 
molecule in the center between the substrates and the 
longitudinal direction of the reflective electrode. The dis- 
play detects formed in the region causes an inevitable 
increase in the threshold voltage during driving of the 
liquid crystal. 

[0187] A table shown in Fig. 19 shows a contrast in a 
reflective display mode (the ratio of a reflectance at a 
white cfisplay mode to a reflectance at a black display 
mode) and a contrast in a transmissrve display mode 
(the ratio of a traremittance at a white display mode to a 
transmittance at a black display mode) when the above- 
defined angle + is v?/ied. In this case, the liquid crystal 
mode is left-twisted by 255 degrees. As shown in the 
table in Fig. 19, an angle in a range of -60° £ + £ 60° is 
essential for achieving a contrast of 10 or more which is 
necessary for Ngh-qu&fty image display in a reflective 
display mode and fopjsimurtanecusly achieving a con- 
trast of 5 or more which is necessary for high-quality 
image display in a ^remissive display mode. Display 
defects such as cfedination due to the reverse tit 
domain are avoidable in a range of -60* £ + £ 60°, and 
thus bright, high-quality transmissrve display is 
achieved. Since ihs display defects barely occur, the 
threshold voltage during driving of the liquid crystal can 
be reduced, resulting in reduced power consumption of 
the liquid crystal device The above advantage is partic- 
ularly noticeable in a range of -30° 30°. 
[0188] When an electrode arrangement shown in Fig. 

16 is employed, an angle between the longitudinal 
direction of the reflective electrode 302 (the Y direction 
in Fig. 16) and the alignment direction 304 of the liquid 
crystal molecule in the center between the substrates is 
defined as <j>- Display defects (disdination) due to a 
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reverse tilt domain occur in a range of -90° £ + £ -60° or 
60°C £ + £ 90°, and thus bright high-quality transmis- 
srve display is not achieved A possible reason is forma- 
tion of a tilt domain by orthogonal' crossing of the 
alignment direction of the Dquxi crystal mofeculein the 5 
center between the : substrates and the v longitudinal 
direction of the reflecth^ eiectroda Tlie display defects 
formed in the region causes an* inevitable increase in 
the threshold voltage during cfrhring of the liquid crystal. 
Display defects such as discJination due to the reverse w 
tilt domain are avoidable in a range of - 60° <; f £ 60°. 
and thus bright high-quality transrrissive display is 
achieved. Since the display defects barely occur, the 
threshold voltage during driving of the iquid crystal can 
be reduced, resulting in reduced power consumption of 75 
the fiquid crystal device. The above advantage is partic- 
ularly noticeable in axange of -30° £ ♦ £ 30°. 
[0189] When an electrode arrangement shown in Fig. 
17 is employed, an angle between the longitudinal 
direction of the reflective electrode 405 (the Y direction 20 
in Fig. 17) and the alignment direction 407 of the liquid 
crystal molecule in the center between the tubstrates is 
defined as 4. Display defects (disdination) due to a 
reverse tilt domain occur in a range of -90° z + < -60° or 
60°C £ + £ 90°, and thus bright high-quality transmis- 25 
srve display is not achieved A possible reason is forma- 
tion of a tit domain by orthogonal crossing of the 
alignment direction of the Squid crystal molecule in the 
center between the substrates and the longitudinal 
direction of the reflective electrode The display defects 30 
formed in the region causes an inevitable increase in 
the threshold voltage during driving of the liquid crystal. 
Display defects such as discJination due to the reverse 
tilt domain are avoidable in a range of - 60° £ + £ 60°, 
and thus bright high-quality transmfesive display is 35 
achieved. Since the display defects barely occur, the 
threshold voltage during driving of the Iquid crystal can 
be reduced residing in reduced power consumption of 
the liquid crystal device. The above advantage is partic- 
ularly noticeable in a range of -30* £ 4 £ 30°. «> 
[0190] The effects of the present invention described 
in the ninth embodiment can be further ensured by 
specifying the alignment direction 506 of the liquid crys- 
tal molecule in the vicinity of the substrate 502 in Fig. 
13. That is, in Fig. 15, an angle between the alignment 45 
direction 207 of the liquid crystal molecule in the vicinity 
of the lower substrate (TFD substrate) and the longitudi- 
nal direction of the reflective electrode 204 is defined as 
y. A preferable angle is in a range of -30° <> v < 30°. In 
a range outside - 30* £ y <: 30°, the liquid crystal mole- so 
cute at the substrate interface is reverse-titled by the 
effect of the obfique electric field to cause display 
defects. 

[0191] A table shown in Fig. 20 shows a contrast in a 
reflective display mode (the ratio of a reflectance at a ss 
white display mode to a reflectance at a black display 
mode) and a contrast in a transmissrve display mode 
(the ratio of a transnittance at a white display mode to a 



transmittance at a black display mode) when the above- 
defined angle y is varied. In this case, the liquid crystal 
mode is left-twisted by 70 degrees. As shown in the 
table in Fig, 20, an angle in a range of r30*. £ ^304 »Sv 
essential for achieving a contrast oMQj*mor wWcfcfe . 
necessary for high-quality jmageid^yOTa reflexive* 
display mode, and for simultaneously achieving a ©on*> 
trast of 5 or more which is necessary for high-quality 
image display in a transmissive display mode. Display 
detects due to reverse tilt caused by the liquid crystal 
molecules at the substrate interface are avoidable in a 
range of -30° £ y <; 30°. Also, in Figs. 1 6 and 1 7, display 
defects such as discfination due to a tat domain are 
avoidable when the angle y, between the alignment 
directions 305 and 408 of the liquid crystal molecules at 
the substrate interfaces and the longitudinal ejections 
of the reflective electrodes 302 and 405 is in a range of 
-30° to 30*. The threshold voltage during driving of the 
liquid crystal can be reduced, resulting in reduced 
power consumption of the liquid crystal device. The 
above advantage is particularly noticeable in a range of 
-10°£y£10 # . 

[0192} As in the second to fourth embodiments, the 
ninth embodiment can include normally black mode 
driving, provision of a diffuser, or a reflective electrode 
with irregularities. In the normally black mode driving, 
the black matrix layer 5a may be omitted. 

(Tenth Embodiment) 

[0193] A tenth embodirnent of a liquid crystal device in 
accordance with the present invention wtB now be 
described with reference to Figs. 21a to 23. The tenth 
embocfiment includes a TFD active matrix liquid crystal 
device in accordance with the present invention. 
[0194] A structure in the vicinity of a TFD driving ele- 
ment, as an example of a diode-type nonlinear element 
used in this embodiment, will now be described with ref- 
erence to Figs. 21a and 21b. Fig. 21a is a schematic 
plan view of a TFD driving element and a pixel elec- 
trode, aid Fig. 21 b is a cross^ectforial view taken along 
fine B-B' in Fig. 21a. In Fig. 21b. individual layers and 
elements are depicted at different scales so that these 
layers and elements are visible in the drawing. 
[01951 In Rgs. 21 a and 21b, A TFD driving element 40 
is formed on an underlying insulating film 41 formed on 
a transparent substrate 2. is composed of a first metal 
fflm 42. an insulating layer 44, and a second metal fBm 
46, in that order from the side of the insulating fflm 41 , 
and has a thin film diode (TFD) or metal-insulator-metal 
(MIM) structure. The first metal fim 42 is connected to a 
scanning line 61 formed on the transparent substrate 2. 
and the second metal film 46 is connected to a pixel 
electrode 62 composed of a conductive reflective him as 
another embodiment of th reflective electrode. In place 
of the scanning lin 61, a data line (descrtoed below) 
may be formed on th transparent substrate 2, and be 
connected to the pixel electrode 62. and the scanning 
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line 61 may be provided on a counter substrate. 
[0196J The transparent substrate 2 is composed of an 
insulating transparent substrate, for example, glass or 
plastic. The underlying insulating film 41 is composed 
of, for exarriple; tantali^ oxide. The main purpose of 
the formation of the insutatirig I am 41 is to prevent sep- 
aration of the first metal film 4^ from the underlying layer 
and diffusion of impurities from the underlying layer into 
the first metal fim 42 during heat treatment performed 
after deposition of the second metal film 46. When the 
transparent substrate 2 is composed of, for example, a 
quartz substrate having high thermal resistance and 
high purity which does not cause such separation and 
diffusion, the insulating film 41 can be omitted. The first 
metal film 42 is a conductive metal thin fim composed 
of, for example, elemental tantalum or a tantalum alloy. 
The insulating film 44 is composed of. for example, an 
oxid film which is formed on the first metal fim 42 by 
anodic oxidation in a chemical solution. The second 
metal film 46 is a conductive metal thin fim composed 
of, for example, elemental chronnun or a chromium 
alloy. 

[01971 In this embodiment, tne pixel electrode 62 has 
regions permitting optical transmittance. such as oblong 
or square sirts or fine openings, as described in the 
above embodiments. Alternatively, each pixel is smaller 
than the transparent electrode on the counter electrode 
so that light passes through a gap therebetween. 
[0198) A transparent insulating film 29 is provided on 
a side (the upper face in the drawing) lacing the bquid 
crystal, such as the pixel electrode 62. the TFD driving 
element 40, and the scanning line 61. An alignment film 
1 9 which is composed of an organic thin f ftm such as a 
polyimide thin film and was subjected to alignment treat- 
merit such as rubbing is provided thereon. 
[0199] Some examples of a TFD driving element as a 
diode-type nonlinear element have been described 
above. A diode-type nonlinear element having bi-direc- 
tional diode characteristics, such as a zinc oxide (ZnO) 
varistor, a metal semi-insulator (MSI) driving element or 
a ring diode (RO), is also applicable to the reflective Sq-* 
uid crystal device in this ernbodiment. 
[0200] The structure and the operation of a TFD active 
matrix driving-type transflective liquid crystal device 
provided with TFD driving elements in accordance with 
the tenth errixxfimertt will now be described with refer- 
enc to Figs. 22 and 23. Fig. 22 is an equivalent circuit 
diagram of a Bquid crystal device and a driving circuit 
and Fig. 23 is a partially broken isometric view for sche- 
matically showing the liquid crystal device. 
[0201] With reference to Fig. 22. in the TFD active 
matrix driving-type transflective liquid crystal device, a 
plurality of scanning Ines 61 arranged on a transparent 
substrate 2 is connected to a Y driver circuit 100 consti- 
tuting a scanning line oYiving circuit and a plurality of 
data lines 60 arranged on a counter substrate is con- 
nected to an X driver circuit 110 constituting a data line 
driving circuit. The Y driver circuit 100 and the X drrv r 



circuit 110 may be formed on a transparent substrate 2 
or a counter substrate. In such a case, the transflective 
liquid crystal device is of a driving drcuit-integrated 
type. Alternatively, the Y> driver circuit 100 and the X 

5 driver circuit 1 10 are composed of external ICs which 
may be independent of the transflective liquid crystal 
device, and be connected to the scanning fines 61 and 
the data lines 60 via prec^ermned lead lines. In this 
case, the transflective liquid crystal device does not 

to have these driving circuits. 

[0202] In each of pixel regions arranged in a matrix, 
the scanning line 61 is connected to one terminal of the 
TFD driving element 40 (See Figs. 21a and 21b), and 
the data line 60 is connected to the other terminal of the 

is TFD driving element 40 via the liquid crystal layer 3 and 
the pixel electrode 62. m each pixel region, when scan- 
ning signals are supplied to the respective scanning line 
61 while data signals are supplied to the respective data 
line 60, the TFD driving element 40 in the pixel region is 

20 turned on so that a driving voltage is applied to the liquid 
crystal layer 3 between the pixel electrode 62. and the 
data line 60 via the TFD driving element 40. Reflective 
display is performed by reflection of external ight by the 
pixel electrode 62 in a lighted environment whereas 

25 transrnissrve Display is performed by transmission of 
light from a backlight as a light source tfirough slits in 
the pixel electrode 62 in a dark environment 
[0203] tn Fig. 23, the transflective liquid crystal device 
is provided with a transparent substrate 2 and a trans- 

30 parent substrate (counter substrate) 1 opposingly 
arranged thereto. The transparent substrate 1 is com- 
posed of, for example, a ojass substrata The transpar- 
ent substrate 2 is provided with pixel electrodes 62 
arranged in a matrix, and each pixel electrode 62 is con- 

35 nected to a scanning ine 61. The transparent substrate 
1 is provided wrth a piurafity of rectangular data fines 60 
as transparent electrodes extending in the direction per- 
pendtoular to the scanning fine 61. The data line 60 is 
composed of, for example, a transparent conductive thin 

40 lira such as an indium tin ox^ 

f ilm 9 which is composed of an »jc|^^ tr^ fimkjch as 
a polyimide thin film and was Subjected to alignment 
treatment such as rubbing is proved below the data 
line 60. A color titer (not shown- in the drawing) conv 

45 posed of color flms arranged in a striped, mosaic, or tri- 
angle pattern according to use is provided on the 
transparent substrate 1. 

[0204] As described above, the teittn embodiment can 
provide a color liquid crystal device without double 

so imaging and blurred imaging, and which can change a 
display mode between a reflective mode and a trans- 
missive mode. In particular, the transflective Squid crys- 
tal device can be driven in a normally black mode by 
voltage control in the X driver circuit 110 and the Y 

55 driver circuit 100 as an example of driving means. 
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(Eleventh Embodiment) 

[0205] An eleventh embodiment of a liquid crystal 
device in accordance with tie present invention will now 
be descrtoed wrth Teferehce to Figs. 24 to 26. The elev- 
enth embodiment includes ^ TFT active rmtrix liquid 
crystal device as a preferable application in accordance 
with the present invention: Ftg: 24 is an equivalent or- 
curt diagram of various elements and lead lines in a plu- 
rality of pixels formed in a matrix which constitutes an 
image display region in a liquid crystal device. Fig. 25 is 
a plan view of a plurality of adjacent pixels on a trans- 
parent substrate provided with data lines, scanning 
lines and pixel electrodes, and Fig. 26 is a cross-sec- 
tional view taken along line OC* in Rg. 25. In Fig. 26. 
individual layers and elements are depicted at different 
scales so that these-tayers and elements are visfole in 
the drawing. 

[0206] In the TFT active matrix transflective liquid 
crystal device in accordance with the eleventh embodi- 
ment shown in Fig. 24, a plurality of TFTS 1 30 is formed 
in a matrix and controls pixel electrodes 62 as another 
example of reflective electrodes arranged in a matrix. 
Data lines 135 for supplying image signals are electri- 
cally connected to sources of TFTs 130. Image signals 

Si. S2 Sn may be sequentially supplied to the data 

lines 135. or may be simultaneously supplied to each 
group consisting of a plurality of adjacent data lines 135. 
The gates of the TFTs 130 are electrically connected to 
scanning lines 131, and pulse scanning signals G1. G2. 
.... On are sequentially supplied to the scanning lines 
131 at a given timing. Each pixel electrode 62 is electri- 
cally connected to the drain of the TFT 130. The switch 
of the TFT 130 as a switching element is turned off for a 
predetermined term so as to input the image signals SI , 
S2 Sn supplied from the data lines 135 for a prede- 
termined timing. The image signals S1.S2 Sn which 

are inputted to the liquid crystal via the pixel electrodes 
62 and have given levels are maintained between the 
pixel electrode 62 and a counter electrode (described 
below) formed on a counter electrode (descrtoed below) 
for a predetermined period. A storage capacitor 170 is 
provided parallel to the liquid crystal capacitor formed 
between the pixel electrode 62 and the counter elec- 
trode in order to prevent leakage of the stored image 
signals. 

[0207] In Fig. 25, pixel electrodes 62 (the contour 62a 
is shown by dotted fines in the drawing) composed of 
reflective f ifems are provided in a matrix array on a trans- 
parent substrate 2 as a TFT array substrate. Data lines 
135, scanning lines 131 and capacitor lines 132 are pro- 
vided along horizontal and vertical boundaries between 
the pixel electrodes 62. Each data line 135 is electrically 
connected to a source region in a semiconductor layer 
81 a composed of a polysilicon film via a contact hole 85. 
Each pixel electrod 62 is electrically connected to a 
drain region in the semiconductor layer 81a via a con- 
tact hole 88. Each capacitor line 132 is arranged so as 



to oppose a first capacitor electrode extending from the 
drain region in the semiconductor layer la with an insu- 
lating film provided therebetween to form a storage 
capacitor 170. Eachscanning 6ne;13t is anranged so as 

5 to oppose a channel region 81a, f Shown byf a shaded 
region in the drawing/ jn the serri^^ 
and functions as a gate electroda: As described above, 
a TFT 130 with a scanning line 131 as a gate electrode 
opposing a channel region 81a' is provided at a cross- 

io ing of a scanning Cne 131 and a data fne 135. 

[0208] As shown in Rg. 26, tie Bquid crystal device 
has a transparent substrate 2, and a transparent elec- 
trode (counter substrate) 1 opposing thereto These 
transparent substrates 1 and 2 are insulating and trans- 

is parent substrates composed of quartz, glass, or plastic. 
[0209] In this embodiment the pixel electrode 62 has 
regions permitting optical transrrittance, such as oblong 
or square slits or fine openings, as described in the 
above embodirnents. After natively, each pixel is smaller 

20 than the transparent electrode on the counter substrate 
so that light passes through a gap therebetween. 
[0210] A transparent insulating fim 29 rs provided on 
a side (the upper face in the drawing) facing the liquid 
crystal of the pixel electrode 62 and the TFT 40. An 

25 alignment f Hm 1 9 which is composed of an organic thin 
fim such as a polyimide thin film and was subjected to 
afignment treatment such as rubbing is provided ther- 
eon. 

[0211] The entire face of the transparent substrate 1 

30 is provided with a counter electrode 121 as another 
example of the transparent electrode, and a second 
shading film 1 22 called a black mask or black matrix is 
provided in the unopened region of each pixel. An align- 
ment film 9 which is composed of an organic thin fim 

35 such as a polyimide film and was subjected to a given 
alignment treatment such as rubbing treatment is pro- 
vided under the counter electrode 121. A color filter (not 
shown in the drawing) composed of cotor films arranged 
in a striped, mosaic, or triangle pattern according to use 

40 is provided onthe transparent substrate 1. 

[0212] A pixel-switching TFT 130 for controlling by 
switching each pixel electrode 62 is provided at a posi- 
tion adjacent to the pixel electrode 62 on the transpar- 
ent substrate 2. 

45 [0213] As rn the first embodiment, a gap surrounded 
by a sealant between the pair of first and second sub- 
strates 1 and 2 which are disposed so that each pixel 
electrode 62 and the counter electrode 121 are oppos- 
ing each other is filled with a liquid crystal to form a tiq- 

so lid crystal layer 3. 

[0214] A first insulating intertayer 112 is provided 
below the plurality of pixel-switching TFTs 30. The first 
insulating interlayer 1 12 is formed on the entire trans- 
parent substrate 2, and functions as an underlying film 

55 for the pixel-switching TFTs 30. The first insulating inter- 
layer 1 12 is composed of, for example, a high insulating 
glass, such as nondoped siicat glass (NSG), phos- 
phosilicate glass (PSG). borosilicate glass (BSG), or 
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borophosphosDicate glass (BPSG); silicon oxide; or sili- 
con nitride. 

[0215] In Fig. 26, the pixel-switching TFT 130 includes 
a source region connected to a data line 135 via a con- 
tact hole 85; a channel region 81a' opposing a scanning s 
line 131 and a gate insulating film therebetween, and a 
drain region connected to the pixel electrode 62 via a 
contact hole 88. The data ine 131 is composed of a 
light-shading and conductive thin film such as a low 
resistance metal fflm, eg., aluminum, or an alloy film w 
such as metal s*cxte. A second insulating intertayer 
1 14 provided with contact holes 85 and 88 is formed 
thereon, and a third insulating interteyer 117 provided 
with a contact hole 88 is formed thereon. The second 
and third insulating inter layers 114 and 117 are also ts 
composed of a high-insulating glass, such as NSC 
PSG, BSG, or BPSG, sjcon oxide or si&con nitride, as 
in th first insulating hterlayer 1 12. 
[0216] The pixel-switching TFT 130 may have a LDD 
structure, an offset structure, or a self-aligned structure. 20 
The TFT 130 may have a dual gate structure or a triple 
gat structure, in addrbon to a single gate structure. 
[0217] According to the TFT active matrix driving-type 
transflectrve liquid crystal device of the eleventh embod- 
iment, as described above, an electric field is sequerv 25 
tially applied to a Hquid crystal portion at each pixel 
iectrode 62 between the pixel electrode 62 and the 
counter electrode 121 to control the alignment state at 
th liquid crystal portion Thus, reflective display is per- 
formed by reflection of external fight by the pixel e*ec- 30 
trode 62 in a lighted environment, whereas transmissive 
display is performed by transmission of light from a 
backlight as a ight source through slits in the pixel elec- 
trode 62 in a dark environment. Accordingly, a color liq- 
uid crystal device wfflxxit double imaging and blurred as 
imaging, and which can change a display mode 
between a reflective mode and a transmissive mode is 
achieved. In particular, electrical power is supplied to 
each pixel electrode 62 via the respective TFT 130; 
hence, crosstalk between pixel electrodes 62 can be 40 
reduced and high-quality images can be dteptayed. 
[0218] The counter electrode on the fransparent sub- 
strate 1 may be omitted, and driving may be performed 
by a transverse electric field, parallel to the substrate 1 , 
between pixel electrodes 62 on the transparent sub- 45 
strata 

[0219] Color layers of the color filter 5 used in the first 
to eleventh embodiments will now be described with ref- 
rence to Fig. 27. Fig. 27 is a graph showing transmit- 
tance characteristics of individual color layers in the so 
color filter 5 In a reflective display mode in each embod- 
iment, incident light is transmitted through any one 
coloring layer of the color fitter 5, passes through the liq- 
uid crystal layer 3. and is reflected by the reflective elec- 
trode 7. 17, or 17, passes through the liquid crystal 55 
layer 3 again, and is then emitted. Thus, light passes 
through the color filter two times, unlike in general trans- 
missive liquid crystal devices. Use of a general color fil- 



ter, therefore, causes dim display and a reduced 
contrast. Accordingly, in each embodiment, colors of the 
R, G, and B coloring layers in the color filter 5 are lighted 
so as to have a minimum transmrttaoce 61 of 25 to 50% 
in a vistole light region, as shown in Rg. 27. Gobr Hght- ; 
ing of the coloring layers c^n be achieved by redtwng 
the thickness of the coloring layers or by reducing the 
pigment or dye contents in the coding layers. Bright- 
ness in a reflective display mode is, thereby, not low- 
ered. 

[0220] In a transmissive display mode, light passes 
through the light color filter 5 only one time, and thus the 
displayed image has a lighted color. Since the reflective 
electrode in each embodiment shades a large amount 
of light from the backlight color lighting of the color filter 
5 is advantageous to securing display brightness. 

(Twelfth Embodiment) 

[0221] A twelfth embodiment of the present invention 
will be described with reference to Fig. 28. The twelfth 
embodiment pertaining to electronic apparatuses 
including liquid crystal device according to any one of 
the first to eleventh embodiments. That is, the twelfth 
embodiment includes various electronic apparatuses 
each using a liquid crystal device shown in any one of 
the first to eleventh embodiments as a display section of 
the portable apparatuses requiring low power consump- 
tion under various environment Fig. 28 shows three 
electronic apparatuses in accordance with the present 
invention: 

[0222] Fig. 26(a) shows a portable phone having a 
display section 72 provided on the upper front of a body 
71. Portable phones are used in various environments 
including the interior and the exterior. They are fre- 
quently used in automobiles, but the interior of the auto- 
mobile is signiicantly dark at night A preferable display 
device used in a portable phone is a transflectrve liquid 
crystal device which is primarily used in a reflective o5s- 
pay mode having low power consumption and is opera- 
ble svra transmissive display mode using auxiliary £gttt. 
rf necessary. Use of a liquid crystal device acodrc& tg to 
any one of the first to eleventh embodiments as *6 dis- 
play section 72 of a portable phone yields a portable 
phone having higher brightness and a high contrast in 
both of reflective display mode and transmissive display 
mode. 

[0223] Fig. 28(b) shows a watch having a display sec- 
tion 74 provided in the center 73 of the body. An impor- 
tant point in use of the watch is a feeling of luxury. Use 
of a iquid crystal device according to any one of the first 
to eleventh embodiments of the present invention as a 
display section 74 of a watch achieves higher bright- 
ness and a high contrast, and reduced coloring due to a 
small change in properties with the wav I ngth of fight. 
Thus, color display with a very a luxurious feeling is 
achieved compared to conventional watches. 
[0224] Fig. 28(c) shows a portable information appa- 
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ratus having a rjsplay section 76 at the upper section 
and an input section 77 at the lower section of a body 
75. In most cases, touch keys are provided on the front 
face of the display section 76. Since conventional touch 
keys have high sujfae&j^^ s 
the c^y t JJju^^ 

tuses use tr^r^^i^; ji^id cry^ ^devices as a <$sr 
play sectioa,since the transmissive Ik^d crystal device 
uses a backlight, a large amount of power is consumed 
and a battery has a shortened life. Use of a liquid crystal w 
device according to any one of the first to eleventh 
embodiments as a display section 76 of a portable infor- 
mation apparatus produces a portable information 
apparatus having high brightness and clarity in any of 
reflective, transflective, and transmissrve display 75 
modes. 

[0225] The Squid crystal device of the present inven- 
tion is not limited to the above embodiments, and can be 
appropriately modified within the gist and concept of the 
present invention rn view of claims and the overall spec- 20 
rficatkm. The modified liquid crystal device is also 
included in the technical scope of the present invention. 

Industrial AppicabiDty 

25 

[0226] The liquid crystal device in accordance with the 
present invention can be used as various display 
devices which can display bright high-quality images in 
both of dark and lighted environments, and as display 
sections of various electronic apparatuses. Electronic so 
apparatuses using such liquid crystal devices include 
liquid crystal televisions, view finder-type and monitor- 
viewing-type videotape recorders, automobile naviga- 
tion systems, electronic notebooks, portable calcula- 
tors, wordprocessors, portable phones, videophones, 35 
POS terminals, and touch panels. 

Claims 

1. A liquid crystal device comprising: *o 

a pair of first and second transparent sub- 
strates; 

a liquid crystal layer disposed between the first 
and second substrates; 45 
a transparent electrode formed on a face of the 
first substrate, on the side of the liquid crystal 
layer; 

a reflective electrode formed on the side of the 
liquid crystal layer and having an oblong slit; so 
and 

an illumination unit provided on an another face 
of the second substrate on the opposite side of 
the liquid crystal layer. 

55 

2. A liquid crystal device according to daim 1 . 
wherein the reflective electrode comprises a plural- 
ity of stripe electrodes at a predetermined gap and 



the slit extends in the longitudinal direction of the 
reflective electrode. 

3- A liquid crystal device acccfding to daim 2, • 
wherein the transparent electrod a^rrprises a plu- 
rality of stripe electrodes at a predetermined gap in 
the direction perpendicular to the reflective elec- 
trode and the slit extends to a position facing the 
gap between the transparent electrodes. 

4. A liquid crystal device according to daim 2. 
wherein the slit extends over a plurality of pixels. 

5. A liquid crystal device according to claim 4, 
wherein the slit extends to the exterior of the image 
rJsplay region. 

6. A liquid crystal device according to claim 2, 
wherein a width of the slit is substantially equal to 
the gap between the two reflective electrodes. 

7. A liquid crystal device according to claim 1, 
wherein a width of the sfit is 4 pm or less. 

& A liquid crystal device according to daim 1 . 

wherein an angle £ between the aSgnment direction 
of the liquid crystal molecule, which is substantial 
the center between the transparent electrode and 
the reflective electrode, and the longitudinal direc- 
tion of the slit is in a range of -60° <: ^ 60°. 

9. A liquid crystal device according to claim 1 , 
wherein an angle 5 between the afignment direction 
of a liquid crystal molecule in the vicinity of the 
reflective electrode and the longitudinal direction of 
the slit is in a range of -30° £ 6 £ -30°. 

10. A liquid crystal device according to claim 1, 
wherein the device is in a dim or black state when 
not driven. 

11. A liquid crystal device according to daim 1 , 
wherein a shading layer is formed on at least one of 
the face of the first substrate on the side of the liq- 
uid crystal layer and the face of the second sub- 
strate on the side of the Squid crystal layer, so as to 
at least partly cover the gap between the reflective 
electrodes. 

12. A liquid crystal device according to claim 1 , 
further comprising a first polarizer provided on said 
another face of the first substrate, on the opposite 
side of the liquid crystal layer; and 

at least one first r tardation film disposed 
between th first substrate and the first polar- 
izer. 
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1 3. A liquid crystal device according to claim 1 , 
further comprising a second polarizer disposed 
between the second substrate and the illumination 
unit; and at least a second retardation film disposed, 
between toe second sifcstrate. and the second 5 
polarizer. _ -, % . rl , iA . ; « >; . , 

14. A liquid crystal device according to daim 1 , 
wherein the reflective electrode contains 95% by 
weight or more of aluminum and has a thickness of 10 
10nmto40nm. 



21. A liquid crystal device according to claim 20, 
wherein the device is in a dim or black state when 
not driven. 

22. A liquid crystal device accordir^^ ^ ' 
wherein a shadihg layer ^1onrmm0mm^^ 
the face of the first substrate on thS%i^ <^ thfe liq- 
wd crystal layer and the face of the serond sub- 
strate on the side of the BqukJ crystal layer, so as to 
at least partly cover the gap between the reflective 
electrodes. 



15. A liquid crystal device according to claim 1 , 
further comprising a color fitter provided between 
the reflective electrode and the first substrate. is 

16. A Piquid crystal device according to daim 1 . 
further comprising a drffuser provided on sad 
another face of the first substrate, away from the liq- 
uid crystal layer. 20 

17. A liquid crystal device according to claim 1 , 
wherein the reflective electrode has irregularities. 

18. A ttquid crystal device according to claim 1 , 2s 
wherein the reflective electrode comprises a com- 
posite of a reflective layer and a transparent elec- 
trode layer. 



23. A liquid crystal device according to daim 20, 
wherein the reflective electrode contains 95% by 
weight or more of aluminum and has a thickness of 
10 nm to 40 nm. 

24. A liquid crystal device according to claim 20, 
further comprising a color filter provided between 
the reflective electrode and the first substrate. 

25. A liquid crystal device according to claim 20, 
further comprising a drffuser provided on said 
another face of the first substrate, on the opposite 
side of the liquid crystal layer. 

26. A Bquid crystal device according to claim 20, 
wherein the reflective electrode has irregularities. 



19. An electronic apparatus comprising a liquid crystal 30 
device according to claim 1 . 

20. A liquid crystal device comprising: 



27. A Bquid crystal device according to daim 20, 
wherein the reflective electrode comprises a com- 
posite of a reflective layer and a transparent elec- 
trode layer. 

28. An electronic apparatus comprising a Bquid crystal 
device according to daim 20. 

29. A liquid crystal device comprising: 

a pair oJ first and second transparent sub- 
strates;* .r^. °- - 

a Squid crystal Jayer disposed between the first 
and second substrates; 
a plurality of reflective electrodes with a prede- 
termined gap formed on a face of the second 
substrate on the side of the liquid crystal layer ; 
a transparent electrode formed on a face of the 
first substrate on the side of the liquid crystal 
layer, and opposing to the reflective electrodes 
and gaps between the reflective electrodes; 
and 

an illumination unit provided on an another face 
of the second substrate, on the opposite side of 
the liquid crystal layer. 

30. A liquid crystal device according to daim 29, 
wherein an angle $ between th alignment direction 
of liquid crystal molecules, which is substantially 



a pair of first and second transparent sub- 35 . 
strates; 

a liquid crystal layer disposed between the first 

and second substrates; 

a transparent electrode formed on a face of the 

first substrate on the side of the liquid crystal 40 

layer; 

a reflective electrode formed on a face of the . 
second substrate on the side of the liquid ays- - 
tal layer and comprising a transf lectrve layer; 
an illumnation unit provided on an another face 45 
of the second substrate, on the opposite side of 
the liquid crystal layer; 

a first polarizer provided on said another face 
of the first substrate, on the opposite side of the 
liquid crystal layer; so 
at least one first retardation f3m disposed 
between the first substrate and the first polar- 
izer; 

a second polarizer disposed between the sec- 
ond substrat and the illumination unit; and 55 
at least a second retardation fflm disposed 
between the second substrate and the second 
polarizer. 
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the center between the transparent electrode and 
the reflective electrodes, and the longitudinal direc- 
tion of the reflective electrodes is in a range of -60° 

31 . A liquid crystal device according to daim 29, 
wherein an angle y between the alignment direc- 
tion of liquid crystal molecules in the vicinity of the 
reflective electrodes and the longitudinal direction 
of the reflective electrodes is in a range of -30° £ y 
£30*. 

32. A liquid crystal device according to claim 29. 
further comprising a first polarizer provided on said 
another face of the first substrate, away from the liq- 
uid crystal layer; and 



pair of first and second transparent substrates; 
a liquid crystal layer disposed between the first 
and second substrates; a transparent electrode 
comprising a transflective layer formed on a 

5 face of the first substrate on the side of the liq- 

uid crystal layer; a reflective electrode formed 
on a face of the second substrate on the side of 
the liquid crystal layer; and an illumination unit 
provided on an another face of the second sur> 

io strate. on the opposite side of the liquid crystal 

layer; and 

a driving means for driving the transparent 
electrode and the reflective electrode; 
wherein the liquid crystal panel is in a dim or 
15 black state when not driven. 



at least one first retardation film disposed 
between the first substrate and the first polar- 
izer. 20 



41. A liquid crystal device according to daim 40, 

further comprising a first polarizer provided on said 
another face of the f irst substrate, on the opposite 
side of the liquid crystal layer; and 



33. A liquid crystal device according to claim 29. 

further comprising a second polarizer cfisposed 
between the second substrate and the illumination 
unit; and 25 

at least a second retardation film disposed 
between the second substrate and the second 
polarizer. 



34. A liquid crystal device according to claim 29. 
wherein each of the reflective electrodes contains 
95% by weight or more of aluminum and has a 
thickness of 10 nm to 40 nm. 

35. A liquid crystal device according to claim 29. 
further comprising color titers provided between 
the reflective electrodes and the first substrate. 



30 



35 



at least one first retardation him disposed 
between the first substrate and the first polar- 
izer. 

42. A liquid crystal device according to daim 40. 
further comprising a second polarizer disposed 
between the second substrate and the illumination 
unit; and 

at least a second retardation film disposed 
between the second sJbstrate and the second 
polarizer. 

43. A liquid crystal device according to claim 40. 
wherein the reflective electrode contains 95% by 
weight or more of aluminum and has a thickness of 
10 nm to 40 nm. 



36. A liquid crystal device according to claim 29. 
further comprising a drffuser provided on said 
another face of the first substrate, on the opposite 
side of the liquid crystal layer. 

37. A liquid crystal device according to claim 29. 
wherein the reflective electrodes have irregularrties. 

38. A liquid crystal device according to claim 29. 
wherein each of the reflective electrodes comprises 
a composite of a reflective layer and a transparent 
electrode layer. 

39. An electronic apparatus comprising a liquid crystal 
device according to daim 29. 

40. A liquid crystal device comprising: 

a transflective liquid crystal panel comprising a 



40 44. A liquid crystal device according to daim 40. 

further comprising a coior filter provided between 
the reflective electrode and the first substrate. 

45. A liquid crystal device according to claim 40, 

45 further comprising a drffuser provided on said 
another face of the first substrate, on the opposite 
side of the liquid crystal layer. 

46. A liquid crystal device according to claim 40. 

so wherein the reflective electrode has irregularities. 

47. A liquid crystal device according to claim 40. 
wherein the reflective electrode comprises a com- 
posite of a reflective layer and a transparent elec- 

55 trode layer. 

48. An electronic apparatus comprising a liquid crystal 
device according to claim 40. 
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